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Owing to the necessarily limited edition of this publication it 
will be impossible to distribute it free to any persons or institu- 
tions other than State and county officials actually engaged in 
the planning or construction of highways, instructors in highway 


engineering, periodicals upon an exchange basis and Members 
of both Houses of Congress. Others desiring to obtain ‘‘Public 
Roads’’ can do so by sending 15 cents for a single number or 
$1.50 per year to the Superintendent of Documents, Government 
Printing Office, Washington, D. C. 
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HIGHWAY ADMINISTRATION AND 
ROAD CONDITIONS IN FRANCE 


N OCTOBER, 1919, the Department of State, at 
the instance of the transportation section of 
the Council of National Defense, transmitted a 

questionnaire to American consuls regarding high- 
ways and highway transport conditions throughout 
the world. 

To date replies have been received from about 
90 consular districts. The data is voluminous and 
much of it is of considerable value. The questions 
which were asked, and to which replies are being 
received in one form or another were as follows: 


1. Total number of miles of road in the country, 
outside of incorporated cities and towns. 

2. Classification as to character of improvement 
and type of roads. 

3. Classification according to administration. 

4. Cost of construction per mile, also per square 
yard, under the various stated classifications. 

5. Cost of ordinary maintenance per mile and per 
square yard per annum under the various classifica- 
.tions given, excluding resurfacing and extraordinary 
repairs. | 

6. Annual amount of Government expenditure for 
construction, for ordinary maintenance, and for extra- 
ordinary repairs. 

7. Amount and character of local contribution of 
each administrative class and nature of apportion- 
ment and securement. 

8. Nature of governmental direction of construction 
and maintenance, including jurisdiction and super- 
vision, describing administration and organization. 

9. Comparison and relation of units of government 
in other countries for purpose of comparison with the 
United States, namely, the correlation between our 
States, counties, and road districts and our Federal 
Government. 

10. Whether or not any tax is levied on abutting 
land; if a tax, the nature, amount, and method of 
collection. 

11. Where obtainable, secure concrete tables show- 
ing cost per ton-mile of highway transportation, both 
before and after road improvement, the desideratum 
being to ascertain the saving in hauling freight on 
highways on the basis of the ton-mile because of the 
road improvement. 

12. Cost of hauling produce or freight per ton-mile, 
giving data on which such estimates are formed, 
including tonnage, general nature of freight, kind of 
vehicles used, whether cost of vehicles and power 
taken into calculation; if so, what percentage of cost 
charged for annual depreciation. Maximum load in 
each case, number of individuals figured in making 
up estimates, and wages or cost of labor in the activity, 
and average length of haul on which the calculation is 
made. 

13. Whether good road or highway construction 
has to any degree been substituted for railway branch 
lines or feeders to railroads; whether railroads, where 
under private ownership, contribute in any way to 


(3) 


tax or contribution, directly or indirectly, toward road 
construction. 

14, Average length of highway haul for produce or 
other commodities from point of origin to destination, 
excluding rail and water haul. 

15. National and local sources and methods of 
raising revenue for highway construction and main- 
tenance. 

16. Explain system of estimates, accounting, and 
cost keeping, tracing road funds from origin to final 
audit and approval, submitting such forms and reports 
as are customarily used, also table of salaries and 
administrative personnel. 

17. Any concrete information obtainable where 
highway improvements have increased the value of 
abutting and contiguous property and the percentage 
of such increase in value. 

18. Number of highway transportation units in 
operation and type, specifying separately motor 
passenger and freight vehicles, and other means of 
travel such as horse, mule, or bullock drawn wagons. 

19. Plans for future highway construction and type 
of road to be constructed. | 

20. General forecast as to possibilities of future 
development of country through means of improved 
highways transportation. 


On account of the value of much of the material 
which is being received, the Bureau of Public Roads 
wil publish the most important data in PusBtLic 
Roaps in serial form. 


INFORMATION FROM FRANCE. 


France has been selected as the subject of the first 
installment because of its preeminence in matters of 
road construction. Subsequent issues will publish 
the data on the British Isles, Canada, Switzerland, 
Sweden, and other countries. The greater nations 
will be treated as fully as the data at hand will permit; 
the information received from the lesser countries 
will be abstracted and published in condensed form. 
Those who are interested to obtain more information 
than is contained in the published data may do so 
by applying either to the Bureau of Public Roads or 
to the Council of National Defense where the original 
reports are on file. 

The French information published in this install- 
ment has been obtained from the consular offices at 
Lyon and St. Etienne, which, together, are responsible 
for 20 of the 87 departments, as follows: Ain, Belfort 
(Territory), Dréme, Haute-Sadne, Haute-Savoie, Isere, 
Jura, Rhone, Savoie, Sadne-et-Loire, Allier, Cote-d’Or, 
Doubs, Ardeche, Aveyron, Cantal, Haute-Loire, 
Lozere, Loire, and Puy-de-Dome. 

It is, therefore, in no sense complete, but it is suffi- 
ciently inclusive to convey a knowledge of road con- 
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ditions, and methods of administration in our sister 
Republic far more exact than the average American 
highway engineer has heretofore possessed. 

The French units of government corresponding to 
the American units are as follows: 

The State corresponding to our Federal Government. 

The Departments corresponding to our States. 

The arrondissments corresponding to our counties. 

The communes corresponding to our townships. 

All roads are classified as follows: 

Routes nationales, or National highways, which are 
under the administration of the National Government. 

Routes departementales, or State highways, which 
are under the direction of the Departments. 

Chemins de grande communication, or main lines 
of communication, and chemins d’intérét commun, or 
roads of general interest, correspond to our State-aid 
roads and are built by the communes, supplemented by 
grants from the Departments. 

Chemins vicinaux ordinaires, or ordinary country 
roads, are almost entirely at the expense of the com- 
munes, with occasional aid from the Federal Govern- 
ment. 


* THE NATIONAL HIGHWAYS. 


The routes nationales, or national highways, are 
constructed and maintained in condition by the minis- 
try of public works, under which in direct charge is 
the Service des Ponts et Chaussées, or the department 
of roads and bridges. Funds for construction and 
maintenance of roads of this class are derived solely 
from national sources, except that in certain cases of 
special repairs, as when it is necessary to tar the roads, 
a special tax is levied on the beneficiaries by the 
improvement (either 50 per cent of the cost or in 
proportion to the advantages deemed to accrue). 

Plans and specifications are prepared by the depart- 
ment of roads and bridges, and the construction and 
maiitenance of the roads are executed under the 
supervision of the Parisian Department. 

Basing the estimate on the returns from nine 
Departments, which report the mileage of the roads of 
the several classes, the routes nationales constitute 
approximately 6 per cent of the total mileage of roads 
in the country. ! 

Gravel and macadam are the prevailing types of 
surfaces, the roads of heaviest traffic being paved with 
stone blocks. Owing to the general increase in the 
weight and volume of traffic in all Departments, there 
is a tendency to replace madacam with more durable 
pavements. Asphalt will be used on certain routes, 
and where it is not sufficient paving stones will be used 
to resist the traffic. 

The width of the national highways varies from 
about 19 feet to 29 feet including sideways or shoulders. 
Their thickness is difficult to determine, owing to the 
fact that they have been built up through successive 
applications of stone decade after decade. Many of 


them undoubtedly are upward of 20 inches in thick- 
ness. One road of this class, route national 23, which 
was resurfaced by the American Army, is reported 
by the officer in charge of the work to have the follow- 
ing composition, totaling 42 inches in thickness: A 
surface course of 3 inches of limestone, underlain 
successively by 4 inches of trap rock, 7 inches of coarse 
gravel, 18 inches of crushed granite in 3 or 4 inch 
fragments and 10 inches of Telford base. In resur- 
facing it is common to add from 3 to 4 inches of new 
stone. 

The average cost of construction of all national 
highways before the war was 45,000 francs per kilo- 
meter, or about $13,685.75 per mile.! As the prewar 
costs of nearly all commodities and services have since — 
been increased from 250 to 300 per cent, the cost of 
such construction is now probably from $32,000 to . 
$40,000 per mile. 

The 1920 budget estimates the cost of maintaining 
the roads of this class at 1,800 francs per kilometer, or 
about $550 per mile. 


STATE HIGHWAYS. 


The routes départementales, or State highways, 
constitute about 44 per cent of the entire mileage of 
roads. They are paid for entirely from the funds of 
the Departments. The departmental commission 
appoints the personnel of the road service, a corps of 
State engineers known as agents-voyers, which con- 
sists of a chief road surveyor, two district road sur- 
veyors, and from 20 to 40 local road surveyors for each 
of the 87 departments. This corps assumes control 
over the preparation of the plans, and the execution 
of surveys, construction, and maintenance for the 
departmental roads. The Federal Government inter- 
venes in the construction only when it is necessary to 
take possession of private property for the public use 
or to approve laws dealing with the alignment of 
buildings along the thoroughfares. 

In type of construction the departmental roads are 
similar to the routes nationales. In width they aver- 
age from 5 to 6 meters, 1. e., from about 16 to 20 feet. 
Their thickness is usually considerably less than that 
of the national highways, conforming in this respect 
more closely to the dimensions of Americanroads. In 
the Department of Haute-Savoie, for example, the 
specified minimum thickness is 0.20 meter or 7.84 
inches. — 

Before the war the Departments were paying in the 
neighborhood of $8,000 per mile for roads of this class. 
It is estimated that this cost under present conditions 
will be tripled. The cost of maintenance, which in the 
prewar days was about $300 per mile, is expected to 
amount to $500 or $600 per mile this year. 

In many of the Departments all roads have lately 
been reclassified, and the departmental classification 





1 The rate of exchange in this conversion as in all others in this article is as- 
sumed to be 1 franc=19.3 cents, 








BOTTOM, THE SAME ROAD AFTER [tT WAS 


RESURFACED BY THE ENGINEERS OF THE AMERICAN ARMY, 


TOP, THE CONDITION OF ROUTE NATIONALE 23, FRANCE, AFTER THE ARMISTICE. 


has been abandoned. Roads formerly in this class 
have been denominated main lines of communication 
and will be maintained hereafter by joint funds of the 
Departments and the communes. 


MAIN HIGHWAYS AND COMMUNAL ROADS. 

Roads of these classes, comprising the chemins de 
erande communication, the chemins d’intérét commun, 
and the chemins vicinaux ordinaires constitute the 
large majority, approximately 90 per cent of the total 
of 417,500 miles of road in France. 

As the national roads are designed to connect the 
principal cities of the Republic, so the main lines of 
communication connect the lesser cities of only local 
importance. 

The road surveyors, or agents-voyers, have charge 
of the construction and maintenance of these roads. 
In general, the costs are defrayed from the funds of 
the communes supplemented by grants from the De- 
partment, the latter paying as much as 55 per cent. 
The communes interested meet their quotas from their 
ordinary sources of revenue, or if this is insuflicient, 
by a special small tax of a few centimes levied upon all 
whose names are enrolled on the direct tax list. In 
addition to the monetary taxes, the communes also 
exact three days’ labor per year of every able-bodied 
male inhabitant between the ages of 18 and 60, or in 
lieu of the labor a cash contribution at a regular rate 
per day. Ifamanis the head of a family he is respon- 
sible for the labor or prestation of every able-bodied 
male member or employee of his family as well as for 
every beast of burden and every vehicle which he 
owns, for these also are subject to the three days’ 
prestation. Public-spirited citizens often contribute 
to the construction of the roads by the free transfer 
of their lands for that purpose. In such cases, the 
value of such lands is deducted from the amount of the 
contribution due from the town. 


SPECIAL TAX ON HEAVY VEHICLES. 

One of the taxes levied by the French which will 
be of special interest to highway engineers in America 
is the special tax which is levied upon large industries 
whose business is such as to impose unusual wear and 
tear on the roads by their heavy traffic. This tax is 
known as the industrial subsidy. 

No special taxes are levied upon abutting property. 
In general, roads are constructed, not for the purpose 
of increasing property values, but to unite the towns 
and villages and facilitate their mutual intercourse 
and commercial relations. The Frenchman concedes 
that the creation of new roads adds to the value of 
the property traversed, but such increase is too varia- 
ble, he thinks, to ascertain with accuracy. Moreover, 
it is much less important than one would suppose on 
account of the great number of roads already existing. 
lt is the exception where the construction of a new 
oad increases the value of abutting or contiguous 


property to any notable extent. If the owners of 
property wish to increase the value of their lands 
unprovided with roads, they construct them at their 
own expense. 

While the main routes are not departmental roads, 
but rather are supposed to belong to the communes 
through which they pass, the fact that they extend 
over several towns gives them an intercommunal 
value which justifies placing them under departmental 
administration. The closest American counterpart of 
the roads of this class are the State-aid roads of our 
States. For the reason above stated the roads of this 
class are placed under the administration of the 
Department prefect or governor, subject to the pay- 
ment by the towns interested of the annual quota for 
their maintenance and repair. Estimates relative to 
the funds required for construction, maintenance, and 
repair are prepared annually by the Department road 
surveyors, and such estimates for the coming year are 
incorporated in the primitive budget established by 
the general council of the Department in its second 
session. At the first session in the year for, which the 
estimates have been made-the council votes a supple- 
mentary budget to which are added the funds left over 
from the preceding quarter and the new receipts. 
Expenditures for construction are approved by the 
prefect and paid by the treasurer of the Department. 

The departmental accounts are settled annually, but 
the road accounts extend over a period of 14 months, 
at the end of which the treasurer renders his accounts 
and vouchers showing the receipts and expenditures 
for the construction and maintenance of the roads to 
the cour des comptes at Paris which audits the ac- 
counts of the treasurers of all the Departments. 

The roads of general interest and the ordinary 
country roads which are comprised in the last two 
classifications are solely of communal value and con- 
cern, except that where the commune requires aid in 
keeping its roads in shape, it may receive aid from 


the Federal Government, or under rare conditions from 


the Department. Any balance which remains in the 
funds derived from the regular and special taxes after 
the share of the commune in the cost of the main 
highways has been met is devoted to the construction 
and repair of the roads of lesser importance. There 
is, moreover, a provision allowing an extra day of 
prestation to be devoted to these classes of roads. 

The agents-voyers do not concern themselves with 
the roads of this class; they are administered entirely 
by the mayors of the towns. On a smaller scale the 
machinery established to account for and expend the 
town road funds is similar to that which has already 
been described for the Department, the accounts of 
the town treasurer being verified annually by the 
council of the prefecture if the ordinary resources of 
the town do not reach the sum of 30,000 francs, and 
by the cour des comptes, if they exceed that sum. 





_ Like nearly all roads in France the main and lesser 
communal roads are generally surfaced with macadam, 
and are from 4 to 5 meters in width, with a minimum 
thickness of about 6 inches. On the main roads the 
grades compare favorably with those of the national 
and departmental highways, and on the lesser roads 
the grades do not generally exceed S per cent, though 
occasionally an aclivity of 10 or 12 per cent is found, 
in which case the road becomes little better than a 
mule path, its outside width not exceeding 3 meters 
or about 10 feet. 


WAR HALTS SYSTEMATIC MAINTENANCE. 


The famous maintenance system to which America 
and the world have turned for a pattern of all that is 
best in road up-keep was totally disrupted by the 
war. Almost no attention could be given to the roads 
from 1915 to the end of 1918, except in the war areas. 
In such areas the effort was to keep the roads passable 
for army traffic, not, as in other days, to maintain 
them in perfect condition. Such neglect has been 
attended by its natural result. The roads, especially 
the national and departmental roads and the main 
lines of communication which have borne the brunt of 
the war traffic, are in a serious condition of disrepair. 
This is especially true in the neighborhood of army 
camps and in the environs of large industrial centers. 

Many of the Departments are now setting about to 
repair the damage which has been done and it is hoped 
that by 1923 the condition will be greatly ameliorated. 
The task is made more difficult than it was before the 
war by reason of the fact that while the traffic of 
heavy units has fallen off since the war, it has not, by 
any means, dropped to the prewar density. Heavy 
motor camions are now to be seen in far greater 
numbers than in former years, and the deterioration 
of the roads is expected to be more rapid than formerly. 


LABOR AND MATERIAL LACKING. 


Necessary as it is that the work of rehabilitation be 
prosecuted with the utmost expedition, the Depart- 
ments are faced with the fact that the desired speed 
will not be possible to attain. Many of the canton- 
niers are not yet released from the military service. 
Labor to take their places and to augment the usual 
forces is scarce and expensive. Supplies of material 
have not been obtainable except at great difficulty, 
particularly because of the lack of enough railway 
cars. Before the war, machinery was not used in the 
construction of the French roads in any manner 
approaching the use which is made of it in America 
and England. Now it is recognized as an essential to 
replace laborers and animals by mechanical devices. 
Already a number of the departmental councils are in 
touch with leading French, British, and American 
manufacturers looking to the purchase of equipment 
and machinery with which to carry on the war against 


the forces of road destruction. Indeed the recital of 
the difficulties which, for the French highwav engineer, 
have followed in the train of the war, and the plans 
which are being made for the solution of the problems 
sounds to an American like a description of the situa- 
tion which confronts his own country. The problems 
of the two countries seem to be identical; the general 
lines of the solutions which are being worked out are 
similar; and it would seem that great benefit would 
result to the engineers of the two Republics from a 
more intimate interchange of experiences. 


PAY OF ENGINEERS AND LABORERS. 


Engineers in public service in the United States will 
no doubt be interested in the scale of salaries paid to 
their brothers in France, listed in the following table, 
which applies to the Department of the Loire. 


Salary per year. 
Agent-voyer en chef (State highway engineer) .... $2, 120-$2, 700 


Agent-voyer d’arrondissement (district engineer)... 1, 740— 2,030 
Agent-voyer cantonaux (resident engineer) ....-..- . 1,060- 1, 740 
Employés expéditionnaires (assistant engineers)... . 870- 1, 350 
Dames dactylographes (stenographers)......-....... 695-— 1, 000 


The salaries seem somewhat low in American eyes, 
but the numerous perquisities and allowances add to 
them materially, particularly if the engineer is so for- 
tunate as to have a family. Thus there is an annual 
allowance for traveling expenses which varies from 
$150 to $450. The annual quarters allowance is only 
from $20 to $60. But for his family the engineer 
receives a substantial gratuity for each child under 16 
years of age. For each of the first two he receives 
$63 per month. For the third child the allowance is 
$87 per month, and if he is blessed with a more 
numerous family he receives $93 per month for the 
fourth and each younger child. 

Wages of laborers have not yet reached the high 
levels attained in the United States, but they have 
ereatly increasedsince 1905. Inthatyearroadforemen 
in the Department of Saone-et-Loire were paid only 
$16 per month, and laborers received $12 for a month’s 
work. The rates reported from the Department of 
the Loire for 1920 are $55 to $61 per month for road 
foremen and $46 to $55 per month for laborers. In 
addition the laboring forces also receive allowances 
similar to those received by the engineers. If he is 
stationed in a large industrial city the chief cantonier 
receives a monthly addition to his pay which varies 
from $3 to $7.30; laborers similarly situated receive 
from $2 to $6 monthly. The chief cantonier receives 
the equivalent of about $24 per year for his bicycle 
which he uses in making inspections, and if he makes 
a trip exceeding 20 kilometers on foot or 30 kilometers 
by bicycle, he is allowed 35 cents additional. His 
lodging is paid for at the rate of $1 a night, and in 
addition to all these, foremen and laborers alike are 
granted the same gratuities for family maintenance 


which are extended to the engineers; in their case, 
however, only for children under 13 years of age. 


THE USE OF ROADS. 


The reports indicate that the maximum haul for 
produce or other commodities from the point of origin 
to destination, excluding rail and water haul, is about 
40 kilometers (18.5 miles). This is the maximum 
round-trip distance which may be covered by an ordi- 
nary team of horses in one day; the average haul by 
road is somewhat less. For distances exceeding 18 
miles the railroad is used where there is one. How- 
ever, since the railway strike a large number of indus- 
tries in the larger centers transport their commodities 
by motor trucks, in which case the haul is reported as 
much greater, but no definite limits are assigned. 

In some small towns and villages short roads have 
been constructed leading to the railway stations situ- 
ated near-the towns, and in such cases it is the railway 
company which pays the cost of constructing such 
roads. 

The use of motor trucks has greatly increased since 
the transport crisis, and it 1s reported that the com- 
panies engaged in moving freight charge from 21 to 26 
cents per kilometric ton per kilometer, which is from 
31 to 38 cents per ton-mile, approximately. No esti- 
mate as to the actual cost to the companies was 
obtainable, nor as to the percentage of profit con- 
tained in their public prices. More indicative, per- 
haps, of real costs is the estimate given by the munic- 
ipal road service of the Department of Rhone. No 
profit being figured in the costs of operating and care 
of the municipal trucks, the actual cost to the munic- 
ipality is stated as averaging 3 francs per 44 kilometric 
tons per kilometer, which is about 20 cents per ton- 
mile. 

MARKING THE HIGHWAYS. 


The increased use of the roads by motor traffic 


during and since the war and the prospective influx | 


of tourist traffic has directed attention to the impor- 
tance of a revision of the system of highway marking. 

The small iron signs which have heretofore been used 
have been suitable for low-speed traffic but will not 
do for a rapidly moving traffic, as the inscriptions are 
so small that they can not be read while cars are in 
motion, and at night they are often without the radius 
of automobile headlights. 

During the war the French and allied armies had 
recourse to striking signs with large letter inscriptions, 
painted on wood or canvas, or, whenever possible, on 
the walls of houses. These were placed at a proper 
height to be seen by drivers without difficulty by day 
or night. The direct result has been that the French 


Ministry of Public Works has decided to carry out the 
ideas developed through the war traffic: (1) By indi- 
cating noteworthy places, such as the names of towns, 
or dangerous places, and (2) by denoting the distance 
and direction to other places of importance. 

A circular issued in August, 1919, by the ministry 
and addressed to all prefects of the departments, 
requires that the names of villages must be conspicu- 
ously posted, on a post or the wall of a building, as far 
as possible, perpendicular to the axis of the road and 
on its right. 

A standardization of danger signals will result from 
the decision to use only the four signals adopted by the 
International Conference relating to automobile traffic 
held on October 11, 1909. The four signs indicate 
inclines, turns, road crossings, and railroad crossings, 
respectively, and they are to be placed at about 275 
yards from the danger point unless special conditions 
prevent. They are to be perpendicular to the road 
and on the right of the direction followed. 

Direction signs will be placed at the entrance to and 
exit from all hamlets, as well as at branch and cross 
roads. At road intersections there is to be a different 
signboard for each direction, containing only the fol- 
lowing information: (a) The name of the first place 
or village in the direction indicated, and (0) the name 
of the first important town in that direction. The 
latter name will be identical on successive posts until 
the town in question is reached. Beside each name 
will be the distance in kilometers. The inscriptions 
are to be headed with an arrow and an abbreviation 
indicating the class of the road. All signs are to be 
placed so that they are within the radius of the lights 
of vehicles, and 6 feet 6 inches above the road if they 
are in a place where there is much pedestrian traffic, 
and 6 feet 3 inches high at the most if ona wall. The 
latter placing 1s recommended. 

The inscriptions are to be white on a dark-blue 
background, with the lettering at least 5.9 inches in 
height, except for danger signals. Numerals will be a 
little smaller than letters. Iron, varnished sheet iron, 
or wooden signs are authorized. Enamel signs are not 
recommended, as they deteriorate too easily and are 
difficult to repair. Legislation is in preparation 
enabling the painting of signs on walls adjoining the 
roads, notwithstanding the opposition of the owner. 

In carrying out the arrangements for the placing of 
these signs care is to be exercised to safeguard good 
appearance; the signs are to be looked after, so that 
the inscription will always be legible, and old-style 
signs are to be suppressed if they conflict with the new 
ones. It is hoped that the entire program of marking 
the roads of the Nation will be completed by December 
ol, 1921. 


SUGGESTIONS FOR IMPROVEMENT OF 
THE DEVAL ABRASION TEST FOR ROCK. 


By F. H. JACKSON, Senior Assistant Testing Engineer, Bureau of Public Roads. 


HIS Deval abrasion test is) probably 
the best known and most widely used 
of the methods which have been de- 

veloped for testing the quality of road-build- 
ing rock. It has been in continuous use in 
this country for over 20 years and, in gen- 
eral, has been considered satisfactory for the 
purpose for which it was designed; that. 1s, 
to measure the relative resistanee of rock 
to wear or abrasion. In spite of this fact, 
however, it must be confessed that the method 
is weak in at least two particulars. In the 
first place, experiments made recently have 
indicated the possibility of a considerable 
error in results obtained due to variations 
laboratorymanipulation. For instanee, Mat- 
timore, in 1917, reported? a series of results 
in which 10 tests on a sample of dolomite 
made in the same laboratory and by the 
same operator but on different days showed 
a maximum variation in percentage of wear 
of 0.9 per cent. A corresponding series of 
tests on syenite showed a maximum variation 
of 1.3 per cent. In the same year Reinecke 
and Clark * in a paper before the society re- 
ported a maximum variation of 0.6 per cent 
on 17 duplicate sets of limestone, and a cor- 
responding maximum variation of 0.3) per 
cent on 7 duplicate sets of igneous rock. In 
both of the cases cited, care was exercised 
to insure, as nearly as possible, the use of 
identical material in all of the check tests, 
~The variations noted are therefore assumed 
to be due to laboratory manipulation alone. 
Results of tests made by the author along 
the same line are given in Table I. The re- 
sults shown in the table were obtained from 
time to time in the course of the routine 
work of the laboratory of the Bureau of Public 
Roads and extended over a period of a year 
or more. No effort was made to specially 
prepare any of the samples. They were, however, all 
“prepared by the same operator—an experienced man 
who has been engaged in this work for the past 18 years. 
These results indicate clearly the degree of accuracy 
which may be expected in a given laboratory and under 
average normal conditions. It will be noted that the 
average maximum deviation for the four types ex- 
amined amounts to appna saat 0.8 sa cent. This 








1 Paper read at the annual eer: of the Wut, Society for Testing een Asbury Park, \.J., 
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FIG. 1.--KNIFE EDGES USED ON MACHINE FOR PREPARATION OF SAMPLES 


FOR ABRASION TEST. 


would correspond, in the case of granite, trap, or other 
hard rock having, for instance, an average percentage 
of wear of 3, to a possible variation of from 12 to 16 
in French coefficient of wear, This 1s 
rather a serious error and calls for a greater tolerance in 
interpreting the results of tests than we have been in 
the habit of considering necessary. The principal rea- 
son fait the diggropanaies noted. is the TP ti tical impos- 
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FIG. 2,—DIAGRAM SHOWING COMPARATIVE RANGE IN PERCENTAGE OF WEAR OF ROCK TESTED IN THE STANDARD AND SLOTTED 
ABRASION CYLINDERS. 


siility of securing by the ordinary method of hand- 
breaking a test sample consisting of 50 pieces all of the 
same size and shape. It is, of course, obvious that 
variations in either respect will affect the results ob- 
tained, particularly if the stone be unusually soft or 
brittle. The present standard method requires that a 
sample of rock for the abrasion test shall weigh within 
10 g. of 5,000 g. and shall be composed of 50 pieces of 
freshly broken stone of as nearly the same size as pos- 
sible. While no reference is made to the shape of the 
pieces, the assumption has always been that cubical 
fragments should be prepared. It has been the 
author's experience that such a sample is extremely 
dificult to prepare in the ordinary manner in a reason- 
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FIG. 3.--RELATION BETWEEN COEFFICIENT OF HARDNESS AND 
DIFFERENCE BETWEEN THE PERCENTAGE OF WEAR AS DETER- 


MINED BY THE STANDARD METHOD AND WITH THE SLOTTED 
CYLINDER. 


able length of time. As a matter of fact, it may be 
doubted whether it is even approximated in the ma- 
jority of laboratories. 


TaBLe I.—Comparative results of abrasion tests using standard and 















































proposed methods. 
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USE OF FORCING PRESS. 


Appreciating the need of a more rapid as well as 
accurate method of preparing samples, the laboratory 
of the Bureau of Public Roads has been for some time 
experimenting with a forcing press equipped with 
suitable knife edges for breaking stone. It was first 
used by the laboratory in the preparation of granite 
paving block samples for test because it was found 
that the variations obtained when specimens were 
hand-broken were so great that the results were of 
little value. It has a capacity of 20,000 pounds, 
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Paw —CURVE SHOWING THE RELATION BETWEEN PERCENTAGE OF WEAR AND DURATION OF TEST. 


which is sufficient to break an ordinary standard- 
size granite block. By the use of this machine, 
small cubical fragments of the size desired may be 
prepared conveniently from practically all types of 
rock with the exception of some traps and the very 
highly foliated or laminated varieties, such as gneiss 
and schist. With these types it is always a question 
of doing the best possible with the material in hand. 
A standard sample prepared in the above manner will 
consist of 50 pieces, approximately cubical in shape, 
each of which should weigh from 85 to 115 grams. 
Results of tests on samples of different types of rock 
prepared in this manner and compared to tests on the 
same materials prepared in the usual way are shown 
in Table I. 

The Deval test has been criticized also from an- 
other point of view. In a paper presented at the 
1918 annual meeting of the American Society for 
Testing Materials, Scofield‘ called attention to the 
action of the so-called ‘‘dust cushion” on the inside 
of the abrasion cylinder. He showed that in elimi- 
nating this cushion by removing the dust of abrasion 
during the test, a much greater range in values could 





“4 Proceedings, Am. Soc. Test. Mats., Vol. XVIII, Part II, p. 417 (1918). 


be obtained, especially among the softer rock types. 
Other investigators working along the same line had 
independently reached the same ‘conclusion. Indeed, 
the present method is so obviously wrong in principle 
it is remarkable that it has not been changed before. 

In regard to the elimination of this ‘‘dust cushion” 
the author sees no better way than to simply mill a 
series of longitudinal slots in the standard abrasion 
cylinder through which the dust may escape as fast 
as it is formed. The slots adopted by the Bureau of 
Public Roads laboratory are 14 inches apart, center 
to center, and one-sixteenth inch wide. A cevlinder 
slotted in this manner has been in use in the laboratory 
for a number of years. The exact spacing or length 
of the slots, however, apparently makes very little 


difference in the actual results obtained, provided 


there are a sufficient number of openings to permit all 
of the dust to escape. 

Several other suggestions in the way of improving 
this test, such as the use of small shot as an abrasive 
agent, a graded instead of a one-size sample, etc., 
have been offered from time to time. Some of these 
will be briefly discussed in the conclusions to this 
paper. 


Tasie I]1.—Results of comparative abrasion test for rock. 
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DISCUSSION OF RESULTS OBTAINED. 


The work covered in the following discussion was 
carried out, therefore, with two primary objects in 
View: 


1. To determine how variations in the results of 
tests due to laboratory manipulation may be reduced: 

2. To determine the comparative range In values 
obtained with and without the “‘dust cushion.” 

The results of a number of tests made on samples 
prepared by machine and tested in the slotted abrasion 
cylinder are given in Table I, and may be compared 
to the values obtained in the ordinary manner and to 
which reference has already been made. It will be 
noted that the average maximum deviation of 0.8 per 
cent observed with the. standard method has been 
reduced to 0.8 per cent by the use of machine-broken 
fragments. The individual losses, on the other hand, 
have been increased in varying amounts due to the 
elimination of the dust cushion. Tests in the closed 
evlinder using machine-broken fragments showed 
slightly lower average results than with the standard 
method, no doubt due to the absence of w edge-shaped 
or flat pieces which frequently find their way into a 
sample prepared in the usual way. The results of a 


number of tests on a large varicty of rock types are 
eiven in Table Hl. These results are plotted in figure 
2 in the order of their loss by abrasion in the slotted 
evlinder. They are of interest in showing the rela- 
tive effect of the dust cushion as measured by the 
hardness of the rock. This relationship is plotted 
in figure 3 m which the hardness of the stone deter- 
mined by the Dorry hardness test ° is plotted against 
the difference, P-P’, between the abrasion loss in the 
slotted and in the standard cylinder. Taking into 
account the fact that all of the test results given in 
Table II were obtained on samples hand-broken in 
the usual way and are hable therefore to a possible 
error of nearly one per cent, the relationship is fairly 
well defined, and shows clearly the value of using the 
slotted cylinder in differentiating between the wearing 
qualities of the softer types of rock. 

In figure 4 are plotted the results of a number of 
tests made in both the standard and slotted abrasion 
cylinders in which the loss by abrasion was determined 
at the end of each 1,000 revolutions. A comparative 
run. was made also in each case using six 17-inch cast- 
ron shot as an abrasive agent. These tests were 
made in order to determine the practicability of accel- 
erating the wear by means of an abrasive and at the 
same time speeding up the test by cutting down the 
total number of revolutions. According to the re- 
sults shown in the figure it would appear theoretically 
possible to obtain about the same loss at the end of 
2,000 revolutions when shot are used as would be 
obtained at the end of 10,000 revolutions without 
the abrasive. As a matter of fact, however, experi- 
ments have shown that the gain in time thus effected 
would be more than counterbalanced by the resulting 
loss in accuracy. It has been found impossible to 
obtain check tests closer than 1 per cent when an 
abrasive is used, due probably to the breaking up of 
the fragments composing the sample under the action 
of the shot. This action makes the test a measure of 
toughness rather than of resistance to wear. Inas- 
much as the amount of this action would depend to a 
large degree on the prevalence of insipient fractures or 
minute seams in the rock which would not affect the 
value of the material in road construction, the use of 
an. abrasive is not recommended. The effect of these 
minute fractures which frequently can not be detected 
by the eye has been noted in connection with the 
standard test for toughness of rock. 

The following conclusions may be drawn: 

1. Results of the standard Deval abrasion test as 
conducted in the usual way are aceurate to within 
1 per cent. 

” The difficulty of properly preparmg samples by 
hand in a reasonable length of time is the principal | 
reason for the discrepancies 1n results observed. 

Samples may be prepared conveniently and 
accurately by means of the machine described in this 
paper. 

4. The range in values of percentage of wear is 
greatly increased by the use of a slotted cylinder 
which permits the dust of abrasion to escape as fast 
as it is formed. 

In general, the difference between percentage of 
wear as determined in the standard and in the slotted 
eylinder increases as the coefficient of hardness of the 
rock pre citian 


6 Bulletin No. 347, U. 8. Department of Agriculture, p, 6. 
6 Proceedings, Am. Soc. Test. Mats., Vol. XVIII, Part I, p. 414 (1918). 
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THE CHARACTERISTICS OF STEAM 
DISTILLED PETROLEUM RESIDUALS 


By B. A. ANDERTON, Chemist, Bureau of Public Roads. 


N THE interpretation of the results of tests on bitu- ~~ _ lt el 
T 7 

minous road materials, it is well understood that a Z | | “i ) eye tT i = 
given set of values must be considered as a whole; hor if tat oer) whet 
in other words, the significance of almost any result ‘ | | 

is dependent upon other results or combinations of aa eS ee oe 
them. So in the preparation of specifications, the 160 a ee Le : ———s i. 6 
° . . | i 
selection of suitable requirements to secure the de- | z | 
sired materials must therefore be done with the influ- | 
ence of other requirements always in mind. We have 140 
all seen specifications for asphalts and road oils with i 
which no commercial product could possibly comply 

on account of some unattainable requirement. 

The writer is not aware that there is in the literature 
on bituminous materials any great amount of data on 
the relationships between the various tests with re- b+ 
gard to the types of crude petroleum involved, and 
particularly as affected by the variations in process of mail ieee | Jee 
manufacture. With the experience of many years’ | Sa) | en 
testing of bituminous materials, some general con- “ae : 
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14 FIG. 2.—PENETRATION OF CALIFORNIA AND MEXICAN ASPHALTS 
SHOWING GREATER SPECIFIC GRAVITY OF MEXICAN PRODUCTS. 

| clusions have been well brought out; as, for example, 
In the relatively high specific gravity, insolubility in 


petroleum naphtha, and percentage of fixed carbon of 
products from Mexican petroleum; also, the relatively 
low ductilitv, high melting point, and high insolu- 
bility in naphtha of blown oils. But, in general, it is 
quite difficult to correlate available data in order to 
demonstrate specific relations along these lines, and in 
this paper the writer will endeavor to make some con- 


6 Pie Ze tribution to the subject which, while not entirely new 
re iP. ry = mele a material, may be of interest as setting forth in a 
a = 
oe definite manner the significance of some i our present 
i 92 — 
< 


ane tests. 
= The opportunity to study the characteristics of 

onl petroleum residuals in this manner comes as a result 
ar | cee CALIFORA of the operation of a small experimental refinery by 


the United States Bureau of Public Roads. A num- 
Poel oe 
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ber of runs have been made, all of which up to the 
present time have involved steam distillation. Three 
typical crude petroleums have been used from Culi- 

FIG. 1.—TYPICAL TESTS OF CONSISTENCY WITH PROGRESS 
OF DISTILLATION. fornia, southern Texas, and ae »xican \ fields, _nasihiad 




















1Paper presented at the annual meeting of the American Society for Testing a penne Park, N. J., June 22-25, 1920. 
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tively, whose important characteristics are shown m 
Table I. Durimg each distillation steam was passed 
through the still at such a rate as to maintain a fairly 
constant ratio of water to oil distillate in the flow from 
the condenser. These ratios were as follows: 





Petroleum. 








California. | Texas. Mexican. 
1 a 2 et eee 7 














Average steam ratio..........2..2..0. 0.69 1.21 0.92 0.75 | 0.55 0.65 | 0.83 
{ | | | . : 
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FIG. 3—MELTING POINTS OF CALIFORNIA AND MEXICAN 
ASPHALTS SHOWING GREATER SPECIFIC GRAVITY OF MEXICAN 
PRomect S. 
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TaBLE ].—Characteristics of crude petroleum as shown by tests on 
three typical petroleums. 





























Petroleum, source. 
Property. 

| Galifornia, | Texas, Mexico, 

Kern River.’ Sour Lake.| Panuco.. 
Watenaper cent by volume. ...... saiente.e miner 6.0 0.0 2.9 
ee PCO VIC eee ey oe et ee eae se 0. 965 0. 935 0). 985 
Flash point, degrees centigrade.............-.- | 115 . 54 
Bimeite point, degrees Centivrade. .............|ocsceecens-s 122 110 
Siewmmc Wiscosity, Uigler, go G.........2.ccsecles ss cones - Bees. |. see 
Specine viscosity, Eneier, 50° C_.............-- eo. ee - Ure) Il. oe 
hela sisecosity Eimclem LOU) C. .....l cesses Zane & 1D Se ee 
ipatbeetnee Ge NSC M Se iin ss ao oon as ls «aes alee ee ae > ae ee AQ. 6 
Bl@ipeesn a0 ©. secogas.-.. 2.26. << 2cs cn -eee S20 te. ce ecceieeen 26.5 
Telgaraese, (0° Co, S@CONGU Ses oo... cease merck wa cues i ee oe, 16.5 
essat 163° C.. 5 hours, b0)2., per cent......... S76 ° Deo bier 
Float test residue, a0° C., seéconds......-......., 20.8 4.9 78.7 
Bloay test residue. 70° (., seconds-2)........ 2... | ae <2 D . a tae oe 38.3 
Bitumen insoluble in 86° B. naphtha, per cent.., 3.4 0. 31 20. 09 
Eile moremanl ATCC, oe wae ss ese cess 3.98 | 1.38 19.77 
Organic matter insoluble, per cent.......-..-... 0. 01 0. 07 0.09 
Inorganic matter insoluble, per cent......._...! 0.0 0. 06 0.00 
Total bitumen (soluble in CS,), per cent......., 99. 99 | 99. $7 99. 91 

As distillation proceeded, samples were taken 


systematically from the experimental still and tested, 
folowing the standard methods of the American 
Society for Testing Materials whenever they were 
applicable. Otherwise tests were carried out accord- 
ing to the methods m use by the Bureau of Public 
Roads! It can readily be seen that these series of 
samples, all produced from the same still-charge of 
petroleum, and representing the changes in charac- 
teristics of the residuals taking place as the distilla- 
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FIG. 4.—-THE FIXED CARBON OF TYPICAL FLUID RESIDUALS, 


m~ 
o 
Qa 


tion .continued, permit a study of interrelations 
between tests which could not ordinarily be accom- 
plished with a collection of miscellaneous samples, 
affected possibly in different degree by variations im 
the original crude and in method of treatment. As 
an example of the development in consistency as the 
distillation progressed, figure 1, representing the 
specific viscosity and float tests of residues secured 
in one distillation of California petroleum, may be 
shown. Abscissae indicate the percentage of the 
crude remeved as distillate or, on the scale given, the 
percentage of residue in the still. These curves are 
typical, not only of the graphical representation of 
other test results, but of other crudes. With very 
few exceptions, a smooth curve can be drawn with 
such plotted points, representing the actual relation 
of the two variables fairly well. 

Within the space of the present paper it will be 
possible to discuss only the most prominent relations 
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' Methods for the Examination of Bituminous Road Materials, Bul. No. 314, 
U.S. Department of Agriculture. 


which have presented themselyes as a result of the 
work so far, which, as may be mentioned again, has 
dealt entirely with steam distillation. The samples 
examined should be considered as typical of their 
type; and little attempt will be made to discuss the 
test results theoretically, or to derive mathematical 
relationships, as it 1s felt that the scope of the avail- 
able data is at present too limited for discussion of 
that nature. The data are presented graphically, 
requiring in most cases little explanation or comment. 

Tests have shown clearly the greater density of 
Mexican asphalts. In figure 2, asphalts up to 200 
penetration produced from the Mexican petroleum 
have a specific gravity of about 0.02 to 0.03 higher 
than for corresponding California products. It will 
be noted that there is a distinct difference in the two 
curves 6 and. 7, although in both runs the crude was 
the same Mexican petroleum. ‘This may be explained 
by the use of a greater volume of steam during dis- 
tillation 7. 

In figure 3 the greater specific gravity of Mexican 
asphalts than of California asphalts for a given melting 
point is shown. The difference is more significant 
when it is borne in mind that a California asphalt of 
the same melting point is considerably harder at nor- 
mal temperature, as will be shown later. In figure 3 
it has seemed best to represent the relations as straight 
lines, owing to the small number of points and having 
in mind the accuracy of the tests. The divergence 
between the two Mexican series is again noted. 

Considering the percentage of fixed carbon in 
Mexican, California, and Texas residuals, figure 4 
will show the high percentage for Mexican products, 
increasing slowly with specific viscosity at 100° C. 
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FIG. 7.—GENERAL RELATION BETWEEN FIXED CARBON AND 
PERCENTAGE OF BITUMEN INSOLUBEE IN 866° ° 5 NAPRTRA. 


The Texas residuals increase rapidly in fixed carbon, 
but it is of interest to note that the final point on 
this curve represents a residue of only 20 per cent 
of the crude oil, attained at a high still temperature. 
The Texas petroleum would produce by steam dis- 
tillation alone only a small quantity of residuals 
suitable for road work, and most likely of an inferior 
quality. 

The higher fixed carbon for Mexican asphalts of 
less than 200 penetration is demonstrated in figure 5. 
Comparison with figure 2 will show that the form and 
relation of the two Mexican curves is similar, indi- 
cating a closer relation between specific gravity and 
fixed carbon. 

An interesting relation which apparently is inde- 
pendent of the type of oil used, and which may point 
out the specific value of the fixed carbon test, should 
be discussed at this point. If the percentage of 
fixed carbon for successive residues is plotted against 
the percentage of residue, as in figure 6, it 1s noticed 
that in general the plotted points show a tendency 
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FIG. 8.—THE NAPHTHA INSOLUBLE OF FLUID TEXAS AND CALI- 
FORNIA RESIDUALS. 
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to lie along the curve of a hyperbola. Also, by multi- 
plving the percentage of fixed carbon by the per- 
centage of the still charge represented by the corre- 
sponding residue, the series of values shown in Table 
TT is obtained. 


Tape I].—Product of fired carbon by percentage residue of still charge. 












































California. Texas. Mexican. 
Designation of residue. — a a : 
i 2 3 4 5 6 A 

= a 2 = 

Re = sine +s ci / 4.15 | 3.95 | 4.52 1.68 | 1.38 | 11.48 | 10.80 
We. 2 Bae een oss s+ +e eee eee dg | 8.87 | aaa, 1.72 det eo 
te eos... ee 8.00 | 3.87 | 428) | 1.74 | 1289 | 12 
eee... se oe 3.99 | 3.83) | 47a | lagd | 132) 11 Gouge 
See eee Ss, se ee ee 3.89 | 3.88 | 4.48. 1.64 | 1.32 11.46 | 11.68 
| Cha 4a ee 3.70 | 3.80 ' 4.90 1.58 1.35 11. 1) ae 
R6.. -| 3.79 | 3.04 | 4°70: 1.66 (1.30 9S. ae | De 
I fs eee ae 376 | 4.72 | Lop 1.2 el. 25) Lies 
Ne cc ien so cnn ncn dow ses oes 3.50 | 4.82 1,520) 4.95 Si aa 
nO 2 0 Serre ., 3.52 | 4.64, 1.45 | 1.31 11.08 | 10.86 
Glo es A oe | 3GS (4.62! 1d. lee | 10.91 
Mosaics -s- sane etoees oc 3.80 /4.68 1.307 1.2% 7.0.ae 10.71 
ao 4 a ' 3.608) 4.406 1.45 1.98 . 28 10. 92 
1 La SS en ree 3770. a 1.41 | 9, 
pol See 1.415 1.95 See 
1 SS ae el ae T4611. oS 
Oh we oe ae ee 1.32. (1.2 eee 
a re 3.96: 3.66 | 4.65 1.537, 1.32 | 11.34 | 10.91 
Monadevidiligg............-...--.-. | Biome a2). 1e.@ ~ a ae 
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It. will be seen that for all distillations the values 
for a given run are practically constant. Judging 
from the deviations from an average value, they are 
as constant as should be expected with the fixed 
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carbon test. Accepting the constancy of the product, 
the relation may then be expressed by the equation 


RE S00'C oo 


where C;, is the percentage of fixed carbon of a steam 
distilled petroleum resudual, which is Kt per cent 
of the original having a fixed carbon of Cio) per cent. 
In this connection it may be noted that subsequent 
work in which residuals have been air-blown has 
shown that blowing matcrially increases the per- 
centage of fixed carbon. 

In figure 7 the general tendency of the fixed carbon 
and percentage of bitumen insoluble in 86° Baumé 
naptha to increase together is shown. 

The proportional rate of increase for a given material, 
however, evidently varies quite widely, and in this 
curve, as in some others involving naphtha insoluble 
it is indicated that at some point in the distillation, 
reactions begin within the petroleum, gradually 
increasing in importance as the temperature rises, 
which result in the actual formation of bodies of an 
asphaltic character. Particularly is this evidenced 
in figure 8, when the naphtha insoluble is plotted 
against consistency by the float test at 50° C. 

The reversal of curvature is quite striking in this 
diagram. If the point at which the curvature re- 
verses is estimated from the graphs, and taken at a 
float test of 30 seconds for the Texas, and 60 seconds 
in the case of the California, it may be of interest 
to add that the temperature of the Texas oil at this 
point in the distillation was 295 to 300° C., while the 
California oil had a temperature of 250 to 260° C. 

That some asphaltic products soften more readily 
upon. heating than others and that this susceptibility 
to heat may be greatly modified by variation in the 
process of manufacture, are well understood facts. 
In specifications for paving asphalts, therefore, various 
combinations of requirements for melting point, 
ductility, penetration at 0° or 46° C., ete., together 
with the consistency at normal temnrerature, are 
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Pia 1e-—THE FEOAT TEST OF TYPICAL FLUID RESIDUALS. 


utilized to secure a material having suitable qualities 
for the particular work in hand. The variation in 
ball and ring softening point for typical Mexican and 
California asphalts is shown in figure 9. 

Another test which, though looked upon usually as 
a consistency test, is not often utilized to investigate 
susceptibilitv to temperature, may be used to advan- 
tage on a wide range of products. This is the float 
test. That this test is essentially a test of viscosity is 
made avparent by the great similarity of the curves 
shown in figure 1. The results of the float test are, 
however, greatly influenced by the way in which the 
material tested softens on heating, and consequently, 
as the bath temperature is set at a higher point, the 
test becomes more and more a measure of the sus- 
ceptibility of the material. It may be considered as 
giving a measure of viscosity combined with suscepti- 
bility. Figures 10 and 11 will illustrate this. In 
figure 10, the California, Texas, and Mexican products 
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FIG. 11.—THE FLOAT TEST OF MEXICAN AND CALIFORNIA 
AS'PPPAETS. 


E 


160 180 200 


show a decreasing susceptibility, in this order, by 
having a lower float test at a lower temperature for 
the same specific Viscosity at 100° C. 

A large number of float tests have been made at 
70° C., m order to secure data on the change in con- 
sistency over a wide range of products, especially to 
cover the range of consistency where the viscosity 
test at 100° C. or the penetration at 25° C. is not 
readily applicable. The results of these tests on the 
harder asphalts also indicate the greater suscepti- 
bility of the California products, as may be seen m 
figure 11. | 

As the penetration inereases, the difference in float 
test becomes more marked; at 35 penetration the 
Mexican asphalt gives a float test twice that of the 
California asphalt. 

It will be realized that the relations which the writer 
has tried to bring out graphically represent data com- 
piled from typical petroleums only, and that the 
characteristics of residual oils and asphalts may be 
greatly modified by changes in method of refining. 
In the writer’s judgment, two features—the signifi- 
cance of the fixed carbon test in relation to the prog- 
ress of steam distillation and the development of the 
float test as a measure of viscosity and susceptibility 
to temperature changes—-should prove the two points 
of greatest interest and value resulting from these 
tests. 


INDIANA ROAD CONSTRUCTION 
ARDIZED. 


Uniform road construction is expected throughout 
Indiana as a result of an order issued by the State 
highway commission requiring the standardization of 
road plans and specifications for county highways 
which are subject to the approval of the commission, 
The regulation became effective July 1 and covers all 
county road projects submitted to the commission for 
approval. 

The regulation is similar to the Federal order re- 
quiring the use of standardized plans and specifica- 
tions by the State for all roads for which Government 
aid is expected. The action of the commission ex- 
tends the use of the approved standards to the roads 
which will be built in Indiana under the provisions of 
the county unit road law, by which the State shares 
the cost. 

Officials of the commission have compiled the stand- 
ards for the Indiana roads, which are identical with 
the requirements made of the State by the Federal 
Government. The standards will apply to all county- 
aid projects proposed under the State highway law, 
the county unit road law, and the free gravel road law. 

Many counties of the State already have adopted 
the commission standards voluntarily to keep their 
road construction up to the specifications prescribed 
by the Federal and State engimeers. 

Members of the commission, in discussing the regu- 
lation, declared that it will have the effect of standard- 
izing road construction throughout Indiana. 


IS) STAND- 


18 


GOOD PROGRESS IN IMPACT TESTS. 


Bureau of Public Roads to determine the 

forces exerted by motor trucks on roads are 
showing some very instructive results. Various sizes 
of trucks have been used in these tests varying from a 
1-ton truck up to a 7}-ton truck carrying an excess 
load. The truck is run over a special device for pro- 
ducing artificial impact conditions and the impact 
pressure is measured through the deformation of 
specially prepared copper cylinders. The blow of 
the truck deforms the copper cylinder and the magni- 
tude of the blow is expressed in pounds required to 
deform the cylinder, the latter being determined in 
a testing machine. 

Recent tests were made with a 3-ton Packard truck 
loaded with a 43-ton load so that the total weight 
on each rear wheel was 7,000 pounds, the unsprung 
portion being 1,700 pounds and the sprung portion 
5,300 pounds. ‘The truck was equipped first with an 
old solid tire that had been worn down to a thickness 
of 1 inch. Then, with exactly the same load on the 
truck, a wheel was used fitted with a new solid tire 2} 
inches in thickness. And finally, the truck was 
equipped with pneumatic tires 42 by 9 inches inflated 
to a pressure of 142 pounds per square inch. The 
following table shows very clearly the bad effect an 
old tire is likely to have on a road surface and the 
comparative lack of impact when trucks are equipped 
with pneumatic tires: 


T investigations now being made by _ the 


























Approxi- | ested 
mate Height. Old tire. | New tire. | Enpumabe 
speed. : 
| 
Inchis. 
vere Pe 11, 600 9, 400 7,100 
10.2 2 18, 500 14, 100 7, 800 
. 14.6 Z 26,500 - 18,700 8, 300 





The question of impact is one of very great interest 
to those who are called upon to decide upon road 
design, and it is probable that the results of these 
tests may lead to a rational basis for determining 
license fees. 


IMPACT ON SURFACES OF DIFFERENT TYPES. 


A number of slabs have been tested by means of a 
machine designed to give impact conditions resembling 
those on the rear wheel of a heavy truck. The un- 
sprung portion of the weight of this machine is 1,500 
pounds and the sprung portion weighs 6,000 pounds. 
The test is made by raising the unsprung weight 
through a height of one-eighth of an inch, allowing 
it to fall 500 times, then to a height of one-half inch 
with 500 repetitions, then three-eighths inch more in 
height, and so on until the slab fails. Up to date 


about 12 slabs have been tested when laid on a rather 
wet subgrade and there is a surprising difference in the 
strength of the different types of pavements’ tested. 
Thus, the total number of blows required to cause 
failure have varied with the different slabs from 67 
up to almost 2,000. It is expected that a detailed 
account of the results of these tests will be published 
toward the end of the summer. 


RELATIVE WEAR OF DIFFERENT PAVEMENTS. 


The bureau is making a study of the relative wearing 
qualities of different types of pavements and _ tests 
have about been completed on a short section of pave- 
ment containing 49 different types subjected to the 
wear of a special truck equipped with five large cast- 
iron wheels. ‘The results of this investigation are very 
instructive and bring out very many interesting 
points in connection with pavement design. The 
relative wearing qualities of hard as compared with 
soft brick are brought out very distinctly in this test. 
The relative resistance to wear of various kinds of 
stone block sections is also shown up to good advan- 
tage. A chance to compare grout and asphalt fillers 
for both brick and stone block is furnished by this 
investigation. Likewise, the relative wearing qualities 
of concrete when mixed with various kinds of coarse 
ageregates is indicated. Results of this test are also 
being worked up in a paper to be published within a 
very short time. 


INVESTIGATION OF SUBGRADE MATERIALS. 


The investigation of subgrade materials started a 
few months ago with the cooperation of the district 
engineers and State engineers is proceeding at a very 
satisfactory rate. A number of samples have been 
received from various parts of the country and labora- 
tory analyses of many of these samples are partially 
completed. The methods being used by the Division 
of Tests have been described and will shortly appear 
as a paper so that any other laboratories wishing to 
conduct similar investigations may have some guide 
as to the method of procedure being followed by the 
Bureau of Public Roads. 

The samples analyzed have been taken from parts 
of the roads that have failed very badly as well as 
from adjacent parts of the same roads that have 
withstood heavy traffic successfully. It is hoped that 
by a comparison of the laboratory results on these 
samples with the reported behavior of the road in 
service differences in the subgrade materials will 
become apparent so that we will be able to say what 
physical characteristics soils must possess to give 
them high bearing value. 


« 


OQ MANY and impor- 
tant are the uses of 
photography in con- 

nection with engineering 
works that the camera has 
become almost as essential 
as the transit as an engineer- 
ing instrument. Indeed, it 
can often be made to do 
much of the work of the lat- 
ter instrument, as witness 
the part it played in Irance 
in the mapping of the bat- 
tle-front areas. No great 
use has been made of it in 
this way in connection with 
highway work, but the writer 
is not at all convinced that 
it has not valuable possibili- 
ties which have so far been 
overlooked. Just a sugges- 
tion of its usefulness in mak- 
ing reconnaissance surveys 
is contained in the pictures 
reproduced on this page. 
As for its value in recording 
details of construction for 
the illustration of enginecr- 
ing reports, as a means of 
studying the causes of deteri- 
oration of engineering struc- 
tures by preserving a record 
of the appearance of the - 
structure at various stages 
of failure, and as a means 
of picturing the tangible re- 
sults of engineering vision— 
these uses are too well understood by the engineering 
profession to require any dwelling upon. 

But though practically all engineers appreciate the 
value of the camera as an aid to them in their daily 
work, there are many, unfortunately, who fail to 
make the most of it, largely for the lack of a working 
understanding of a few simple principles. In this 
article the writer will not attempt to do more than 
call attention to these principles, the application of 
which by engineers generally will go far to improve 
the character of engineering photography. 


OCmne ein E. 


STUDY THE LENS. 


The most important part of any camera, of course, 
is the lens. It is the eve of the camera, and, like its 
human counterpart, it has its limitations. Not only 
are differences in performance to be expected of lenses 
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PHOTOGRAPHIC HINTS FOR ENGINEERS. 


By JOHN K. HILLERS, Jr., Photographer, Bureau of Public Roads. 





TOP, A GENERAL VIEW OF OREGON FEDERAL-AID PROJECT NO. 17, FROM STATIONS 150 TO 210, 
PHOTOGRAPHED ON JANUARY 10, 1920, BEFORE WORK WAS STARTED, LOCATION SHOWN BY 
BOTTOM. VIEW GF THE SAME LOCATION SHOWING THE COMPLEETRER GRADE. 


of different kinds and by different makers, but even 
among stock lenses of the same kind and by the same 
maker there are differences of sufficient importance to 
make it decidedly worth while for engineers to follow 
this first bit of advice—‘get acquainted with your 
lens.”” Test it—‘‘calibrate”’ is the engineering term, 
I believe—calibrate it, then, by trying it with various 
exposures and different openings in all sorts of light 
and upon all sorts of objects close at hand and far 
away. Preserve a record of the conditions and the 
manner of taking each picture and compare the re- 
sults to determine the limitations and capabilities of 
your particular lens. 

The lenses used by engineers generally are of two 
classes, known respectively as the rapid rectilinear 
lens and the more modern anastigmatic lens. The 
latter was developed to correct the defects of the 


rapid rectilinear lens which are manifested by a cer- 
tain cloudiness around the edges of photographs 
taken with a large opening and short time. The 
anastigmats will give good definition under these 
conditions, and in this feature alone lies their supe- 
riority to the ordinary rapid rectilinear lens. Many 
engineers seem to think they must have an anastig- 
matic lens to enable them to take good photographs. 
It is not at all necessary, and really, is altogether un- 
necessary, if exposures be made, as they should be 
in nearly all engineering work, with a small opening 
and relatively long time. Under these conditions 
the ordinary rapid rectilinear lens will give entirely 
satisfactory results. 


THE STOP AND LIGHT. 


Next to the lens in importance are the shutter and 
diaphragm, which together constitute the lids which 
open and close over the eye and regulate the amount 
of light admitted to the sensitive film at the back of 
the camera. The shutter, a set of flanges, which when 
properly operated, open and close across the lens, 
regulates the duration of exposure. The operation is 
controlled either by a cable release, a bulb, or by a 
small lever at the side of the shutter. By the adjust- 
ment of the small pointer at the top of the lens the 
shutter can be set to open when pressure is applied to 
the control and remain open until a second pressure 
is applied, or to remain open only as long as the pres- 
sure is maintaied. These two positions, known as 
‘“‘time’’ and ‘‘bulb,” and designated on the scale as 
T. and B., are used for long-time exposures. In ad- 
dition to them there are other positions for the pointer, 
at which the shutter will open and automatically close 
after one-hundredth, one-fiftieth, one-twenty-fifth, and 
one-fifth of a second, respectively. 

The iris diaphragm or aperture consists of a series of 
flanges which can be regulated to alter the size of the 
opening through which hght is admitted to the lens. 
The settings or stops of these flanges, which form the 
openings Which have become standard and which are 
now afforded by all cameras, are designated in accord- 
ance with two systems of numerals. The systems of 
designation are the U. S., or uniform system, and the 
I. system of the Royal Photographic Society, wherein 
the opening is expressed by fractions of the focal 
length. The openings designated by these two sys- 
tems, however, are identical in size, the identity being 
as indicated in the following table: 


Comparison between the F. and U. 8. systems. 


res 
4 


Pais 
5 


Pelé 
16 


hae 


32 


F. sy@tent ...F 
U.S. system... 


F. 32 I. 45 
64 128 


. 4.5 
2 
By the proper combination of time of exposure and 
size of opening the light is admitted to the sensitized 
film through the lens in just the amount which is 
necessary to imprint the desired image upon the film 
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surface. The same amount of light may be admitted 
either by the combination of a large opening and a 
short exposure, or by long exposure with a small open- 
ing, but the results of the two combinations will differ. 
The picture taken with the large opening and short 
exposure will present a more or less flat aspect, lack- 
ing in depth or the quality of distance and in sharp- 
ness of definition or detail. The picture taken with 
the small opening will be sharp in definition; minute 
details, such as the leaves of trees, will stand out 
prominently, and the perspective will be well devel- 
oped. It follows, therefore, that if one wishes to obtain 
a picture in which detail will be subordinated, as when 
it is desired to minimize the defects of a road surface, 
the large opening and short exposure make the proper 
combination. If, on the contrary, as should be the 
case In engineering pictures, the desired result involves 
the sharp definition of detail, the proper procedure is 
to use a small opening and a long exposure. It is for 
this reason that the rapid.rectilinear lens should be as 
useful to the engineer as the anastigmatic lens. 

In comparing the work of these two lenses, however, 
one must remember to compare pictures taken with a 
stop opening of the same relative size (F. value). Do 
not expect as great depth of focus with an anastigmat 
set at an opening of F. 6.3, as the rapid rectilinear lens 
gives at its largest opening, No. 4, corresponding to 
F. 8. The anastigmat at F. 8 will give as great depth 
of focus as will a rapid rectilinear lens of the same 
focal length, with the same opening while, on the other 
hand, the rapid rectilinear will not work at all at 
Panos. 

FOCUSING. 


No matter what camera you are operating you must 


-look to the focusing as well as to the stop and light. 


All engineers are familiar with the small focusing 
scale which is carried on practically all cameras. Set 
at any of the figures from 6 to 100 with which such 
scales are usually marked, the lens will be brought to 
the proper distance from the focal plane (i. e., the sur- 
face of the film) to focus sharply upon an object at 
the distance indicated. If the camera be set in this 
manner for a focus of 100 feet, every object from a 
point at that distance on to the horizon will be in 
focus, regardless of the size of the opening. Objects 
closer than 100 feet to the camera, however, will not 
be sharply defined unless the diaphragm be stopped 
down to a small opening. If, instead of setting the 
focus at 100 feet, it be set at 25 feet, 1t will be found 
that the only objects which will be in sharp focus, if 
the aperture be large, will be those which he in a plane 
at a distance of 25 feet from the camera. Objects 
nearer at hand and farther away will be out of focus 
unless the size of the aperture is reduced. 

To obtain a first-hand knowledge of the effect of 
the size of the aperture upon the sharpness of the 
focus, it would be an excellent thing if every engineer 


would try this simple experiment at the first oppor- 
tunity: Place a camera on a tripod and point it at 
some object, a tree, for instance. Remove the back 
_ of the camera and place a piece of ground glass in its 
place. Set the diaphragm for the largest opening 
and open the shutter. With the head about 1 foot 
away, and the eyes on a level with the camera, throw 
a piece of black cloth over the head and the back of the 
camera to cut off the light except that entering through 
the lens. When the eyes become accustomed to the 
darkness, an inverted image will be seen upon the 
ground glass. Now move the lens back and forth 
until the tree is sharply defined on the ground glass. 
If the tree selected is about 25 feet away, the rest of 
the picture or the distance from the tree to the lens 
and from the tree to the horizon will be out of focus. 
Now stop down the diaphragm first to 16, then to 82, 
and finally to 64. At each stage it will be observed 
that the image becomes fainter and fainter and at 
stop 64 it will be difficult to see it. But coincidently 
the image becomes sharper and sharper and, by look- 
ing closely when the stop is at 64, it will be noticed 
that everything in the picture is sharply defined. 
This simple experiment wall impress upon anyone, 
better than anything the writer can think of, the 
fact that the size of the aperture or the stop that is 
used has its effect upon the focus of the picture as 
well as upon the amount of light admitted. 

For the ordinary purposes of the highway engineer 
a much better picture will be obtained by focusing 
on a Lit 25 feet distant from the camera and stop- 
ping down for definition than by focusing at 100 feet 
and using a large opening. The former practice will 
reproduce in clean-cut definition all the immediate 
foreground where the objects will be large enough to 
show small detail and will picture with at least as 
great a degree of sharpness as can be obtained by the 
second method all objects at whatever distance from 
the camera. 

In using the first method, however, it is of course 
necessary to increase the time of exposure as the 
size of the aperture is reduced; and right here is where 
the tripod comes into its own. 

The average field engineer, to whom it becomes 
second nature ‘‘to consider the size of his pack to 
save his back” objects to the tripod as so much 
useless weight to be dragged around. For the same 
reason he selects a 3A rather than a 4A Kodak. ‘But 
while it is not particularly important which size of 
camera he uses, since photographs can be enlarged 
or reduced to any size at pleasure, when it comes to 
the tripod “‘there’s a reason.”’ And in the opinion 
of the writer the reason is so pertinent that he is 
convinced that the failure to give heed to it is respon- 
sible for much that is mediocre and more that is 
positively poor in engineering photographs. 


BE SURE OF THESE THINGS. 


In making engineering photographs it is best to 
use the tripod for both time and _ instantaneous 
exposures. Ilaving set the instrument, be sure of 
four things: 

First. That the shutter is set 
instantaneous exposures as desire 

second. That the diaphragm stop is set at the 
proper opening. 


propaey (for time or 
- A 
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Third. That an unexposed section of the film is 
turned into position. 

Fourth. That the camera is focused on the principal 
object to be photographed. 

After placing the camera on the tripod, select the 
view. Look over the subject carefully and estimate 
what stop and time of exposure will be suitable for 
the conditions as to light and color of object. For 
cloudy days the writer uses an exposure of 4 second 
and the 32 stop; on bright days + second and 32 
stop; very bright days + second and the 64 stop 
or 4 second and the 128 stop. Remember that you 
must give the picture suflicient light to develop the 
darkest places. An old by-word among photogra- 
ioe is ‘‘photograph the shadows and let the high 
ights take care of themselves.” And don't forget 
that the general color of the surroundings has a lot 
to do with the adjustment of the aperture. On 
roads or structures other than concrete, + second 
and the 32 stop will give good results on a bright day. 
Concrete requires less opening than dirt, macadam, 
or bituminous macadam. 

If the camera must be pointed into the sun, shield 
the lens from the direct rays with a hat or notebook. 

If there is action in the picture use an exposure of 
gs OF 5 of a second and a stop of 8 or 16, according 
to the brightness of the day. If there is anything as 
fast as a moving automobile or railroad train, don’t 
use any exposure longer than ;3, second. 

Best of all, if there is doubt as to the working of 
the camera, follow the advice given early in this 
article. Take six exposures of the same picture, 
varying the opening, and be sure to record the expos- 
ure and opening, and then check the results against 
the record. If the films are developed in the field 
ask the photographer not to cut them apart. 


AS TO THE SUBJECT. 


The hints which have been given so far deal with 
the manipulation of the camera. Perhaps that is the 
only subject upon which the writer is competent to 
speak; but so many pictures have passed through his 
hands, in which there is evident a lack of regard for 
the preparation of the subject that a few words on 
that matter may not be amiss. 

If the aim is to show the details of a structure or a 
road, or a road failure, or what not, mount the camera 
as close to the subject as possible in order to include 
in the picture all that is ertinedl Get the subject in 
the foreground where the details will be large, and then 
stop down for definition. 

If dimension is of the essence of the. subject, lay a 
white rule in the picture where the figures will show 
prominently, or get a man into the photograph with 
whom to compare sizes. 

If the subject is a depression or an elevation below 
or above a general surface, take the photograph at. a 
time of day when the length of the shadow will bring 
out the depth or height of the subject. Such a picture 
taken at midday will not be satisfactory. For this 
purpose it is best also to photograph into the sun, 

If the picture is a construction picture, in which the 
workmen are supposed to be at work, try to catch 
them before they know they are being photographed; 
but if they must know it, ask them as one gentlemen 


{Concluded bottom column 2, next page.] 


LAST APPORTIONMENT OF FEDERAL AID. 


HE last apportionment of Federal funds to 
aid the States in road construction under 
the existing Federal aid act became available 

July 1. This will be the largest apportionment yet, 
certified under the Federal aid act, amounting to 
$100,000,000, three-quarters of which is derived from 
the appropriation of 1919 and $25,000,000 from the 
original appropriation of 1916. A deduction of 
$3,000,000, or 3 per cent of the funds, will be made to 
provide for the expense of administering the Federal 
aid act by the Department of Agriculture. The bal- 
ance of $97,000,000 will be divided among the States 
in proportion to their population, area and mileage 
of post roads. The allotments to the several States 
from the two portions of the fund are given in the 
table of apportionment printed below. 

Under the law the States are required to enter into 
formal agreements with the Secretary of Agriculture 
for the construction upon which this money is to be 
used before July 1, 1922. Any money which is not 
taken up before that time will be reapportioned among 
all the States in the same manner in which the original 
apportionments are made. All previous apportion- 
ments have been taken up in the time allotted, and it 
is not likely that the States will fail to absorb this 
last apportionment. To do so, however, will mean 
that the States must survey, plan, and let contracts 
for at least $200,000,000 worth of Federal aid road 
construction in the next two years. 

If the States continue to pay more than 50 per cent 
of the cost, as they have in the past, the cost of the 
roads constructed with this last apportionment may 
reach $250,000,000. In other words, it will be neces- 
sary to plan for construction at the rate of at least 
$100,000,000 and probably more per year. Some 
appreciation of what that means may be gleaned from 
the fact that in 1915 the expenditure for all roads in 
the United States, constructed under State super- 
vision, was only $80,000,000. 

Since 1915, however, State highway departments 
have been greatly expanded, and efficient machinery 
has been developed which will undoubtedly be able to 
handle the greater volume of work. 


Remainder of 1916 Federal aid appropriation. 


Sum apportioned. Sum apportiond. 
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Remainder of 1916 Federal aid appropriation—Continued. 
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Apportionment of 1919 Federal aid appropriation. 


Sum apportioned. 


$957, 259. 32 
311, 129. 20 
890, 667. 34 

1, 198, 850. 89 


Sum apportioned. 


WEY: ner $1, 578,662.63 | Nevada....... a9 «<a 
PCIe ia cin xcen ens. See 1,030, 233.12 | New Hampshire.......... 
Ne a ons oe vase wn oe 1 2Gemeeer od | NEW GRsCy..... 222-2060 sus 
COMME: os nce cess oewee 2, 291,006.63 | New Mexico. ...........-- 





CONOR eG... . cee n ee eend 1, SIG, 81G os New YOrk..........22.-.2 3, 728, 919. 83 
Conieeticuite.....22.<.050.- 460,012.07 } North Carolina............ 1, 709, 290. 35 
DGIRRUANG... 2.0.2 2c seen 122,005. 11 | Norm Dakota............- 1, 182, 170. SS 
Oc)... a re 2 ee 2,779, 685. 11 
GCDB res < ov elsn up eaee wan 2,022,360. 22 | OK TAMGIe, . peeve ses 1, 726, 858. 75 
Dae... epee, eee OD aa 40 | Obee Ota... oss sae ne ee 1,182, 114.02 
DDIM Oise... ¢.5 aes eae 3, 2tayoud. 03 | Pennsyivania..........-.. 3, 443, 959. 54 
LGM. s'<:s-. oe ees One 2,015, 289.95 | Rhode tsland ............. 174, 942.65 
Leif: eS eM, Acree 2,160,996. 56 | South Carolina............ 1,077,014. 28 
Witeas . ame ee eee 2,153, 433.46 | SOUL akote..........-.. 1, 211, 834. 58 
IGM OGY See. oo ae Seas css 1,465, 816. 57 | Tennessee............-...2-- 1,696, 435. 42 
PGR. ove. s es 1 Gay G18 oo) eteen. . occa Sane ccc cess 4,396, 198. 84 
UME en iaicrciae REG Kiss (URES 151) 0) 847,181.75 
Miaeyiaiid': ... ace. cence: Gal), 248: 96 | Mero bec. 6. ce os een ee 337, 557. 82 
Moassachuseits............- 1, 104, 990 G2) (ata. 8 le cose oak 1, 483, 255. 37 
TG nn «css... soe 2,168, 750. 98 sWastinevon...........0.2- 1, 083, 470. 84 
Mamme@satas. 2. 22.2.5. 58 2, 13l er: 00) Wiest Virginia... .....2.2.. 795, 114. 58 
Mie. 2... 46-2 ae 1, S5o5GO7. 88 | WISCOMEIN. 5). 2.5. ese cnn s 1,908, 709. 01 
MISSGeEIe. 655.6006 2 oe. nae 2, 40 geet. 40 | W YOMIUNBees .. 22 se scien s 925, 286. 88 
MOWigiiAS:......-. cameos 1, 505, 242. 60 ee 
ING Gish. ooo samiee Se eeeere 1, 600, 306. 43 sr 72, 750, 000. 00 








PHOTOGRAPHIC HINTS FOR ENGINEERS. 
[Concluded from page 21.] 


of another please to look busy. Our own files are full 
of pictures which, taken collectively, would prove 
beyond the peradventure of a doubt that workmen 
never work. , 

If the picture is to represent a finished road or 
structure, see that it is really finished before it is pho- 
tographed. See that the ditches and shoulders are 
trimmed; that the road surface is clear of litter and 
free of defect, and, unless construction details limit, 
take the picture so as to include a beautiful tree or 
some bit of scenery that will add to the beauty of the 
picture. 

At times, roads are constructed in which the align- 
ment or the grades, the location in other words, is not 
all that it should be in places. Sometimes such 
faults are deliberately passed over in the plans for’ 
economic reasons, or for numerous other reasons; 
sometimes thay are the result of poor design or over- 
sight. If the faults themselves are to be the subject 
of the pictures, emphasize them by a suitable set-up. 
An ugly break in ae grade will show up best from a 
set-up at a distance and slightly to one side of the 
road, which will make it stand out much like an angle 
in alignment. Angles in alignment can be caught best 
by shooting along the edge of the road rather than 
alae the center. The same is true of wavy edges of 
concrete roads. 

But unless the defect is to be the subject, try to take 
the picture in such a way as to exclude it. There are 
few things more beautiful than a perfect road thread- 
ing 1ts way over hill and dale, and promising fresh 
delights at every turn to all who will follow it. Pic- 
tures of such roads speak more eloquently of the bene- 
fits of improved highways than the most carefully 
developed argument of engmecr or economist. They 
are valuable, therefore, not only as a record of com- 
pleted work, but as an inspiration to all who see them 
for more roads and better roads. 
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THE MANUFACTURE AND USE OF 
LABORATORY DIAMOND CORE DRILLS. 


By F. H. SCHLOER, Instrument Maker, U. S. Bureau of Public Roads. 


ITE many requests which have been received 
from time to time by the Bureau of Public 
Roads regarding the proper construction and 
use of laboratory diamond drills indicates that much 
difficulty has been experienced by numerous road 
materials laboratories along these lines. For this 
reason it has been deemed advisable to publish 
somewhat in detail the methods used by the Bureau 
in the manufacture of these drills, and, inasmuch as 
the life of a drill depends to a very large extent on 
the way it is used, some precautions regarding their 
proper use are also given. 

Black carbons or diamonds used for laboratory 
drills should range from 5 inch to y inch in size 
and should be dense and regular in shape. Dia- 
monds suitable for the work will weigh in the 
neighborhood of 0.1 carat each and from six to 
eight diamonds are required for a t-inch drill. They 
may be obtained from any of the diamond importers. 

The diamond drill used by the bureau consists of 
a steel or bronze crown soldered to the end of aseam- 
less steel tube about 44 inches long and 1? inches 
outside diameter and carrying six diamonds, each 
about 3; inch in diameter. The other end of the 
steel tube carries a No. 2 Morse taper hollow drill 
shank through which water is admitted to the inside 
of the drill. The drill crown proper is made either 
of Tobin bronze or soft cold-rolled steel, 1 inch in- 
ternal diameter, 13% inches external diameter, + 
inch high, with a recess =5; inch in depth by 14 inches 
in diameter in which the steel tube is soldered. 
A detail view of the drill crown showing the various 
dimensions is shown on page 24. 

SETTING DIAMONDS IN DRILL CROWN. 


On the next page areshown the various pieces of ap- 
paratus used in the operation of setting the diamonds 
in the drill crown. A is a piece of cold drawn steel 
14 by 4 by 6 inches, with a yoke Cand thumbscrew 
and is used to hold the drillcrowns. After mounting 
a crown in the clamp as shown, six holes are drilled 
in the face of the crown at equal distances apart, 
three of the holes almost breaking through the out- 
side of the face of the ring and three almost breaking 
through the inside of the face. The holes should be 
shehtly smaller than the diamonds which are to be 
used, and each should be shghtly nicked on the thin 
edge with a fine file. A diamond is then placed in 
one of the holes, eently tapped with a piece of brass 
so as to hold it in place after which the crown is 
placed in a small jeweler’s vice D), having jaws of 





THE DRILL INGUSBE SHOWING PROPER METHOD OF BEDDING 
THE SAMIAEE. 


soft steel or brass, with which the diamond 1s forced 
into the hole. Should the diamond not stand the 
pressure and crumble it is not fit for drilling. It 
should be possible to force any diamond good 
enough for drilling purposes into a hole in the above 
manner. Flat drills B, made of 4-inch drill rod, 
turned about 4 inch long and of a size slightly 
snaller than the diamonds, are used for drilling the 
holes. It has been found that the flat drills are 
better than twist drills for they are stiffer and do 
away with a center punch. After the diamonds are 
all set, the drill is soft soldered to the end of the 
steel tube and is then ready for use. 

Any drill press equipped with a hollow spindle and 
with the table so arranged that the water carrying 
the rock cuttings may be properly collected and car- 
ried away is satisfactory for use in rock drilling. A 
drill press equipped with a No. 2 Morse taper is 
large enough. Thespeed of the drill should be about 
300 revolutions per minute. : 


USING THE DIAMOND DRILL. 


Great care should be exercised when 
first using a diamond drill. <A block of 
very soft limestone or sandstone should 
be selected and a number of cores cut 
from this stone until it is found that the 
drill is working properly, after which it 
may be used on harder rock. The sam- 
ple should be bedded on a bag filled with 
sand, as shown on page 23, or in the 
case of very small pieces it may be nec- 
essary to mount the samples in plaster 
of Paris before drilling. Plenty of water 
should be used on the inside of the drill 
so as to keep the space under the crown entirely free 
from rock cuttings, which, especially in the case of 
soft rock, have a tendency to ‘‘gum up”’ the drill. 
After one or two cores have been drilled, their diam- 
eter should be measured, and if it is found that the 
drill is cutting cores more than 25 millimeters or less 
than 24 millimeters in diameter, one or two of the 
diamonds must be reset. If the drill crown is turned 





End showing 
Carbon olnrs 


DIAMOND CORE DRILL 


FIGURE SHOWING DIMENSIONS OF THE DRILL CROWN, 





APPARATUS USED IN SETTING THE DIAMONDS. 


to the dimensions shown, however, and the diamonds 
set as indicated, the cores should come out very close 
to 25 millimeters in diameter. The pressure should 
be applied always by hand and never automatically 
on account of the tendency of carbons to shatter if 
subjected to any appreciable impact. When drilling 
stone by hand, the pressure on the drill may be regu- 
lated in accordance with the character of the mate- 
rial being drilled. This is, of course, not the case if 
an automatic feed is used. A much greater pressure 
may be used when drilling fine-grained, homogene- 
ous materials, such as trap, even if the rock 1s very 
hard, than in the case of coarse-grained, nonhomo- 
geneous materials or stone in which minerals of 
greater hardness than the mass of the rock are em- 
bedded. With a properly constructed drill, it should 
be possible to cut a core 4 inches in length from rock 
of medium hardness in about 10 minutes. The drills 
made by the Bureau of Public Roads will cut from 
20 to 50 feet of rock before it becomes necessary to 
discard them, depending, of course, on the average 
hardness of the stone being used. 


CGRRECTIGNS. 


The jinx was working overtime when the captions 
were added to the illustrations in our June issue. 
We do our best to make amends as follows: 

Page 5. The caption of the top picture should 
read: “Bulkhead bridge over the West Walker 
River, Nev., on Federal-aid project No. 83.” 

Page 9. The photograph at the left is a view of 
Pennsylvania Federal-aid project No. 29, from Mil- 
ford {to Matamoras, a bituminous concrete road. 
At the right is a concrete Federal-aid project, No. 
22, from Tobyhanna to Mount Pocono, Pa. 

Page 11. The second word of the caption should 
be ‘“‘road.”’ 

Page 19. The caption should read as follows: 
“Matchless Crater Lake in Crater Lake National 
Park. <A forest road now under construction will 
reach this lake.’’ 
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FEDERAL AID ALLOWANCES. 


T THE close of the fiscal year June 30, 1920, all 
States with the exception of Oklahoma and 
South Dakota had entered into agreements 
with the Secretary of Agriculture for the construction 
of road projects which will call for the expenditure of 
their allotments of Federal funds for the fiscal years 
1917, 1918, and 1919. The excepted States had not 
taken up the entire amount of their allotments for the 
fiscal year 1918, but owing to the fact that during 
that year they had no recognized State os 
departments they are allowed under the law until 
June 30, 1921, to take up their apportionments for 
1918. 
Three States, Ulinois, Maryland, and Washington, 
had executed agreements calling for the entire amount 
of Federal money available to them for each year up 


to and including the fiscal year 1920; and several other 
States have submitted plans, specifications, and esti- 
mates for projects which will entirely consume their 
allotments up to the beginning of the current fiseal 
year. 

At the beginning of the new fiscal year, July 1, 1920, 
2,984 project statements had been approved repre- 
senting 29,319.35 miles of Federal-aid road which it is 
estimated will cost $384,916,819.53 and on which Fed- 
eral aid to the amount of $163,841,503.93 had been 
approved. 

On the same date project agreements had been 
entered into for 1,963 projects involving 15,178.08 
miles which it is estimated will cost $253 ,990,389 and 
for which $109,838,173.71 of Federal aid will be 
allowed. 


PROJECT STATEMENTS APPROVED IN JUNE, 1920. 



























































: Project : 

State. a ree County. Leng. Type of construction. statement| © saa? ted | federal aid. 

. : approved. : | 
Wiama...... =... ....22--ee 74 Monjemery Ne vein viens 1 aioe care cede vncececddececeslt- | June 12; $187,399.08 | $93, 699. 54 
SOI. wc se end nn--- ae aee el | bl 7.500 | Selected material............. oe oe 12..005....! ISS qeaO : 90, 000. 00 
SO Se | Mo ome wee acim ss AW) WPRCHOOI . . 8. 8 conc cc cocccccccacccccceccacce _digees.... 30, 534.46 | 14, 400. 00 
Be | OPIUUCINMGN: 5. .0+.-c0-00-00 i V COMECOUC. . 8. nw nnn e coe ne cinannacscececsccees June 25 267, 953.40 | 43, 000. 00 
ee | Ce es au a wanes EOE | no oc cao suwncveaaiourcescsescde Peel a 105, 927.25 | 40, 000. 00 
Ge | a8: CO ae PME CONTE MI oS So ee oh sce eee eis oe woe os Sho St AUS 6 on 307, 711.80 | 73, 500. 00 
DG ul oy re 4750 |... .. iO. a ee EGO) 25 148, 104. 00 42,000. 00 
100 | Missigsippi.................. 10670 |..... EN cid rie oe Sales eee os 6 ian a See dO. ngs 413, 163.30 100, 000. 00 
40 | Hemppatead................. PMS «5 oven ncn ncecwcevedecwecccuccececcens June 8) 163,789.00 ; 119,000.00 
egies... .....--...-.------ Lo Eels) ce ne By PS AGNES. oc cca cwin weve ceedsocsatucwecacecs< June 3 133, 608.75. ; 40, 000. 00 
1 RP ea ne, «ene opera, lO: ill <r Senile ee nr Sea June 4 65, 120.00 25, 000. 00 
136 | BroeWs and Lowndes: .......)..........|..... 3 ee ren re. : ea June 3) 48° 839.12 | 24,419. 56 
Ih a a ee, I. 5's AARNE Go ec sce ac neers Se ees (sane 30, 668.00 | 15,000. 00 
Uo re 9.900 | Sand- ad SE 2 eS ye ee 6 80, 000.80 | 40, 000. 00 
154 | Wayne............--.....--- a a: enna arn een bos... - 79,915.00 39, 000. 00 
Wi) SID SGAUT. ccc cc eee ec eece|) © ERO ne ac a ee ee rege June 12 37,778.40 — 15, 000. 00 
0 ee ee ie eer PR UN en no ss am sin disiniasew'e ee oe oveceecwa tess June 4 85, 052.00 | 42, 500. 00 
Mimmaesota..................-- Ty | SceMUOUIS:.. .. ...ndcceccsee 1.030 | Concrete, brick, or asphalt.................-... June 8 50,481.20 | 20, 600. 00 
ee 510.) in neo aa 990 |..... Ch; a IF ice June 7 36,119.60 , 18, 059. 80 
Eel eece cs rie a eS.) <a Ives0 |... . Ue ca ee Pe ss ne ce ae es > do 56, 944.80 28, 472. 40 
Missouri.............2.-.----- le ee hOCGaRle........-...02..-- UL) | nen hin! naeee ly June 4 126, 999.99 | 63, 499. 99 
O28) > ne 4.750 | Bituminous macadam...............-...-.---- June 8 63, 000.00 | 31, 500. 00 
ROMA. . .....-...ctulen----- MG | ese... . wa wale cove wees NM MnO ex, ie eee « « June 12, 19, 453,50 | 9,726.75 
110 | Wheetland.................. ee POR, ooo in oc rnc cc csancacaceecascnscadcccssls.- Ores as 64, 392. 88 32; 196. 24 
ft BP ae GAN GUANINE |. so eee ncn cna cc ecnececceedeccnsevs[ice dG.ca 33) 145.20 | 16, 572.60 
Zo | Missoula.................... 17.000 |..... BME. See eee et en ee en June 28] 121;985.26! 1 10, 992. 63 
New Hampshire.............- 107 |"Memimack.................- Vo}... . SI ee a eet ee ne re a ne ae June 3 15,000.00 | 7, 500.00 
Je Lo i ee SHU0) |e. ox < (0 (0) STE ee see poeta eS ae Jel do...-. 8,000. 00 | 4 ,000. 00 
TiS | Grate... ..---- eee cece ee e3401..... SM cate ee ane I one cok June 7 10, 229.98 | 5, 114.99 
Iw York.........-...----.-- TO ogg eitnd ... een ce enue ass men COMCEONE 55. soe ec en tcced ce sueecc.+++- seen June 12 154, 000. 00 77,000. 00 
67 | Albany and Schenectady... 1UWOs |... .: TO es eee a eo. was June 11 632,700.00 — 221,445.00 
GOuebclamere...............----- 102570 |..... Cok ee gees ere te June 12 517,300.00 | 181,055.00 
Cl Tae Aten. oo. -.----e-c-ce+ ces a lyr oe ee eee ee ee June 3 290, 000. 00 75, 600. 00 
PUB BLOW cone own ace cae nccsancs DIT sooo oo ce occ cu cee ce ceueescseceles: Ge... 85,000.00. 40, 000. 00 
NG |. SR oe ects ce kes fe CNET... 5 gee oe ene ee eee eee do.....| 168, 00.00 82, 500.00 
Woo | enemieee.......---.--. +. TO rl ie... Se daca euacsoeceee ees ee dor... 79, 742. 66 | 26, 250.00 
14 | Sennett... ............-...-- 2.290 @oneseroand brick. ..........-...-.<+-00+e+-0-|s-- G0.:.22 145, 810. 23 | 21, 000. 00 
153 | Chowmmomt.................... Glee | WUE. ko cco ck rcee coc ceccc succes wccealee- ee 240, 600.00 | 120, 300.00 
S@ath GCarolizia. .............. a | Simmiere.......-.....- Ber BW | Ee ove oa ok ces ecs Hececescate esses |oce Go... 8 137, 760.59 25, 000. 00 
Me | ee ee. cc ce cnc ccccce cee VO. Tay \o..<- SNR os 2. eri ee Lee ae eee June 8 131, 647.94 40,714.39 
PSs {ern a 2 ioe col i aii geist do....:| 55,383. 7% 12, 000. 00 
MongewgeG..............-sse0e Ze | MemMimn...........-+ eee 14.507 | Concrete, asphalt, or bituminous macadam....| June 3 342, 660. 50 171, 330. 25 
eee Tap |) om @reen..........2....+.. Vio os it cr re ean eR June 4 250, 548.21 100, 000. 00 
NB loos a 31.267 | Gravel and crushed rock................- a et: ae 350, 217.99 162, 000. 00 
V@> (Se iiildees........---- cee nee 10g) ig) sie 1201/2) a June 8 70, 004. G9 35, 000. 00 
ey Mma | ko ecco nce cee BG on aw ceccuncnccaeccscudcee June 11 172, 417.46 86, 208.73 
161 | Limpestome.................. 23.90) |..... i i i een eee ae oe 289,611.31 59. 400. 00 
Vee el ech cvceesc-| 21.780 4....- i ne | ee: June 25 280, 156. 06 116, 000. 00 
19 | Bastland.................... 198.300 |._..- 1 rr Te. June 3) !117,983.80 1 35, 000. 00 
ec nes nese eee eee e ae 1G | Waweivington................. 1 ee ieee a OL ee 37,161.24 18, 580. 62 
Rye ee... ..-.--- 22s et OC ee Be Nc 2 nn June 30) 74, 565.00 33, 480. 00 
96 | Nich@l@s...................- BS fo, a nr Ge... 3 49,000.00 24 , 500. 00 
By TIO ccs ose cnceseeaccces yl | oii rr eg June 8. 45,531.20 13, 290. 00 
Witemensin..............------ M4 | CHROMA eck... cece cees. a Sn o's WOO re eb vee Meee dees eiew ede ed June 4 | 4], 560.08 20, 000. 00 
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PROJECT AGREEMENTS EXECUTED IN JUNE, 1920. 
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7 | Project _ 
* vy < 
County. L. me is Type of construction. ped . ein on 
a) signed 
-|  — = 4 _— —— 
MEGTIGOMe.... .. ones c nc nnsee 7 ee | CEs 2s acne eens ease ee est. ee ee $114, 634. 58 | 
Ae 5.030 | Bituminous concrete on concrete base........- June & 225, 694.64 | 
4 ie i B5eRM) | SRORSON......-ccececasaceeeteeec ss ---.catiny si. - Mie, a om 499.77 
fc  SOQUED.| (GRE el To. oes. eye eee meeeeeesereee 4 | June 26 103, 885. 90 
Cheese... 2. ee nee nsesese G:31) | Sait-clagy, . ope eee eae ec. «moe dQ... ag8 66, 343. 42 
Mont geme;ry. ..--...----.-0s) 11.180 | Gravel, ... ss. Geer o/s ea: ae mNER a 187, 399. 08 
SE rae | ace ee ridge. ..... aa ore eee eee <2 i June 28; ! 30, 760.95 | 
(CO Os ee reine: re ae GS eet eres rac Sec eae June 25 1 40, 988. 91 
JIE 8 ocix vince wn sevens 1.020 | itUnieOus Tia ce ee ecee es oon “June 10 | 1 181, 333. 94 
ee rs Semd-Clay .- 2. oe eee ne ee oc June 14 12) 721. 40 
eo en ee GEO). wo ones seals e eee eee. g "June 7 1 8 176. 15 
‘CG iedite: - oo. sce ee oe | SAGAR se 0d. .. ose occ cece ee eee om June 8 88, 734. 29 
Yowepal. .....- secs ce ecere 102 \2...- GO. . «ns aig he seas nly hence wo "June 21 104,420 5S 
Grepuleeelee........e2s eee 5 3@e) |... (6 (Ge ee oo oda eee ‘June 28 183, 241. 46 | 
Pemaqeand Cochise..........- | lOc Bride and Gravel. eo... .. ees. ~ meee a0... ae 256, 766. 76 
|) Camm. oes 6 ee ene 1.098 | Concrete or bituminous top on concrete....... June 26 68, 826. 23 
a. ~~ eee... 5D \eOuaNel co... ..... ee eegan meee eee ae ee eee June 21 67, 403. 49 
a dO... ceccccecsccsccoecse| DAMIR rears icor, Coli ei Sg ence wee ccc vais clr ute 233, 744.08 © 
Pinal Ga. 2.22.5 s.--0.-05 19-973" ere ONG. wae lercseremns a cieeeeic onc ae eee June 3) | 1, 242, 587.92 
Maricopa ae ee Concrete and bituminous concrete............. ' June 15| 71 in, 989. 23 
ait... oo ecedone en ee | 31.88) | Bitumistous MIWGNMAM ... 2... eco cece ece cece June 5 307, 419. 42 
JOMMAOOTIO cece. co seccoue cee ee 2 ee > Sa a eee June 30 143, 685. 45 
Sevier and Howard......-.. Q4a:| GYavel......sogaon-n ane se ee ee = 59,969. 73 
Lincoln and Desha....-..--- 2. |. oes GO’... oss satinciniss cnt sles ene etree ete ery aie mn Ze, aio. Ge 
ol eee 23.4 |. 2.52 OOo... -+ssteeecaente sds = scene cee do. 70, 785. 73 
COTW. sis so own eule a ses eee | Se) | eee i) EE Py a aS SoA (Oe do. 58, 974. 30 
DeiWae . . . . ws snes side es cee Dive) |. cee GO)... . . ..sxchupetts aie sin'ssaie 6 oer ne oS Sere fas C0 90, 825. 54 
_ GD... seessccccesscemm “WAARRD | .. Sei. career ore aie 20s een 53, 996. 25 
| OvIQME 6.5.04 c+ eseeeees-ceee SUE |. ...5- PE cae a0... 35, 038. 30 
, Chenmolonndl > osicccdie.s 234.002 ee 2 eee ee OG eee pas ss «seme Cee ae eee eee oe HD. «= ollie ew otetneaceeal 
Tippee. ce. asso <n oeiaere | Jag) Reinforced Gatieuste........2.22.425ecaccess- 5 May 24 355, 389. 46 
eo (ROO! | COMenereeene, oo... 0 cies csc. seca eeee tee. May 29 24, 981. 28 
Adams == Bric Seige |. sec CLO arte eis < + ni vin ie's ise » ws io efeneieertetare saute 1 June 4 188, 717.47 | 
Fei il eee, ee ete eee es 6 Pa .| Gravellamd Drie... 2... icsceeneeees oem One 125, 224, 34 | 
JenersOnee eters eee 25g | CMe reer. @. oso a's alnlstse6 own w's.a« a 6 osu ley meets .do. 7, 990. 25 | 
Miesa . oak ten se eiies «ooo ee See | Gimme _ ss sco cyan es weiss cnle > a's oa's eee en @0....- 64, 806. 83 
Weld fo eee re ee Lies | Gone... nce oe ecco tenn ches May 29 68, 582. 47 
‘Vee... sea + os ee LSS | eae cw. 0 a < cassia cars aa lne.<c =/inlc nel een es ai CL ae 61, 785. 62 
COStEIIA. . o.. cede eesesesscee) a eee Ce OO ree oo cere ale <. 00: 28,094. 84 
ne a are. Tl | COMGRe ve. ja +o «0d cee ow et eee ne ae ee BelGeg ere: 48,768. 41 
Bs | le ocr e Td TOR oisn.o odie Winn > aes nee eee ee June 14 25, 981. 86 
Tie: se elena es erene| Oca | Graveltand bridges: ......cusegensce- cases ee oe June 11 87, 769. 25 
11 Se ol ee ee 20g) BATE ie ae « =a ae IEC on na Selle ieee mee etelaye ere --.d0.....| 115,683.50 
EGG Ue ee 2 COURIC MMEREEE. . «cs <Cee ees sae sce Cone ee eee June 14 10SpAo0 71 
eek HE IG: rrr neh. ee do....| 73,352.01 
Beye. Poland, NeW; S32.ie| (Cosmerete soem ee .....u ee ee June 16 A 835, 264.71 
sOnaon. 
Duval Nassau and Baker...’ 15.400 | Brick Grouted on sand foundation............ June 23 706 , 379. 48 
BaROee ose eae ete yee 5.680 | Cement grouted brick on sand foundation..... June 25 247, 174. 54 
te 6 een... po hl ee: nr oe emia ERE E olin a) Tg 
82) Se eerie. 12. 800 |..... GOs 6 2 2. dim 2 ote See eee «ee ee do....] 583,142.12 : 
CONAN ev. i. es - e 9.890 |_.... DG 06 ois. we vio a 0d Re Ree ee ee ee gle eel: 400,946.12 | 
Moat. cee es oe ee 1 OME RABNOUG. ceo case oss  <.eeeee ee e | June 24 253, 167.51 - 
GISG Vr .- = -2sceere <= a. eee 3c rc i eM 20 re 23,051.65 
De GeHeriy..... oe oe Seer Pen | 50) Ee os. Mee June 7 295, 574. 40 | 
Adams and TiWmpe.......-2: | lO. CON) ites oss ass oes oss dees eee eee June 29 670, 095. 65 | 
lvoe. cee seer BO. OO AM os 5 cnn os 292s Sole eee June 21 269, 969.00 : 
GIS © <5 << Sem eee- «'* «ci Marirand PTavel,......-aaaneee we wc cca June 26 170, 121. 96 ° 
Clatien... 02sec eee 8. AIG | He ec + esau ere =.=. 6 <5 se 2s June 3 65, 269. 60 
BOO vu ote vie aoe ee 115i) (Greed c/s. 0. os.- scape oe ee --d0..,.| 103,339. 5% 
SUHIMMIED << ....5 «ee geen er 8.930 || (OMeMBTG. 2.2... ...+0sadeeesic. 2s ‘June 22 369, 689. 59 
Lest rr = 0.835 | Concrete or bituminous filled brick mono...... June 19 61, 599. 27 | 
ROG cc ice Sac. 2 ss 'wiotreerre ee Sone). |) Demon COMOrete...... ..... 8 eens o.- .0e oom June 22 358, 540.41 | 
peas Oe jet =d «ote ees eee 7.Q15°| Mone prick or conereté.........2 52. ..020..-+.-!.3000.. ae eee Ge 
CSE Is 55 scien «ots Se C7) Lope TR a a oe ee aie es o's <5 « ee June 30 176, 032. 95 | 
CIA ais dceneis ccs eee | 6.017 | Rueiameitalt:. Joes... . ake eee Pee: 233, 032.95 | 
WHat. cence eee 6.545 | Brick on concrete base and rock asphalt on |...do....; 176,671.12 | 
’ macadam. 
Pesca .2 ee ss ees ee | 6-96®| Sutivee-treatedmmacadami . ...) 2s eee do....! 124,041.41 
Ve Tee ei... wise cane some 11.143 | Rock asphalt on magadam.......2.......-...-|. eo Onae 593, 280. 64 
haurel. ...- ween eset eee eee | ic 2a GUD om wing EME ee «3. 0in 5 =, 2c eee AG 67, 649. 39 | 
Boone and Kenton.......... 2. Ts: | Canerete i mis ces, ee June 25 97; 422.12 
ell ae Ae ane pee eee 5. Zi | Cia UD <3 cc Ser ae eee eveie a ai = 10. 2 126,736. 57 
Breathitt ee sce ee ee © | | ER ee. wx clasen eens el ees ees ole Seen rote ‘June 26 236, 057.17 
MAR... 22/0 yste, asi a 3.a00 | Waterbounditiaeagam..... cscs... cede esl... 169,993. 11 
Rowan... .. «Doge 2 Sieieereremre oe 10): MMe. mr en! Doak 5c June 30 | } 261, 768. 80 
gee) OC err: i 2: dae | BitUnmOus Mlacatamies-..... acne e eee ecm eae ' June 16 192° 788. 17 
Gummiperiaa. . . -...------2 28 4.720 | Concrete. _... a5 + ee eine ee a Ae <5 os SS: ee 244, 369, 52 
ee: i Senet ey NOL, «v= « vtese alee % « 2 ated wiv ni ula ie eee ar ..do 63, 327. 44 
CORO: 5 co os ee 3. ue) | Bituminousmmatadam... .........2.22eses+s--- Bes 109, 891. 57 
me OO. > 2, (ae, | OGMCEBEr, 0... -.. +. scene ee ce 113, 282. 88 
oe OA ME Cis TER | «agit Oia s n= Sette = = so ase sie via > Cee «os se OR 322,357. 83 
GER OG. <2. . 25s c nee eee 4.710 | Bituminous macadam.......................-. 7.00 184, 842. 57 
WEEE. 3 s+ ~ wine cles eee oe SE | ne ca cose n woe rc ee as ee oe -do....| 102,429. 47 
eee ACC... soci eae gee | GOURChe... <9). vee . oa. 5 yee ee etae ores oo June 21 167, 178. 00 
GSO X.. . s...-0 oo eee Gap... CUM A a nee eee June 29 289, 550. 14 
| PE AWME oes ~<a 6.430 | Bituminous concrete and gravel..............- Seen... 115, 039. 43 
Piet... os... ea eee 2.020 | DitHii M@Msiiag@aiiaii.......... 2.62 ..e cece ees — 93,115. 11 
| lee. SAE OA Eon! 2 2 ae eee rere 
Midglecex......... 2.022 e 0s 2. Wee |. 08. (eR Sis 22 acetone ocean 22h, A . G0). 94, 446. 00 
BGhiewwOe....-- cen. -.cseee 1. 14 |... ee ee ee Coke! e Go. 2. 41,158. 15 
ji eee ee 2.827 ) Bituminous macadam and concrete...........|... O. 23 y 151, 589. 35 
Washtenaw and Jackson... 25.157 | Bituminous concrete on concrete.............- June 12 | 1: 071, 097.33 
ee ens Ce A a er do....| | 740,789.30 
Wamme................ ae 14. 20)... 2 Ce ere |...do....| 573,196. 89 
So er is >" er | ee June 7 57, 667. 83 
' Vener Meea@iine............ 14.030 :..... CL) Re ee June 8 | 57, 195. 69 
oo i aa 9.703 | co ee June 38; 353, 389. 64 
COBMMMMA....... 0.2... | 10600... Ce eee ee June 14) 319,877.77 
Ciitlwmwew...........--.2-41 SD Sh See ee ..d0....1 %2,900%@0 | 
pr | a oer ee 12. 980 [ones “rr oe yaa... 114, 341. 00 
eT rs | | 15.420 ' Conc ia June 26 565, 587.61 
pe... Laren sas oe S. Gee |... .2 I ad So oa a oS coe ace, x 9 --d0..5.| Yea, 619. Is 
PRC)... .. +2. see cee se ee eee 13-@) i..... ce nase es sin <2 - Go June 28 249, 172. 07 
ee aie TP June 14 1 92. 934. 88 | 
Ole ess. <2 2 ag atte eee ee S-ogu | BitumMInousumacadam.............---c.e..+s08 Juice YE. 88, 554. 82 
eae | MIP errs eer ee (gi 2 oe : eee ee 129, 409.96 | 
Lawrence...............-... PAM MPAMOl eo... eee caved eee gheea. «acne | 101,714. 39 





Federal! 
aid. 


$57,317.29 
104, 087. 45 


1 11,997.98 
1 20) 494. 45 
169, 732. 32 
1 1, 360. 70 
16, 588. 08 
44, 367.14 
52, 210. 29 
91,620. 73 
128) 383. 37 
25, 139. 46 
33, 701.74 
116, 872.04 
432, 367. 92 
15,994.61 
130,000. 00 
60, 000. 00 
24,000. 00 
7,700.00 
34, 500.00 
12, 500. 00 
30, 000.00 
20, 000. 00 
000. 00 

1 1290.06 
177, 694. 73 


23” 860. 00 
12, 990. 93 
43° 884. 62 
55, 174. 00 
53, 980.00 
36, 676. 00 
643, 720. 00 


320, 876. 97 
113, 600. 00 
178, 000. 00 
258, 576. 06 
197, 800. 00 
121, 000. 00 
11, 525. 82. 
- 110, 000. 00 
335, 047. 82 
134, 984. 50 
1 43, 288. 08 


116, 516.47 
67, 913. 07 


62,020. 70 
239,655. 00 
25,740. 00 
42’ 160. 00 
63, 368. 28 
118, 028 58 
1 34, 996. 55 
1 123, 933. 16 
61,394 08 
101, 748. 13 
31,663. 72 
54, 945. 78 
50, 400. 00 
146, 572. 99 
92 421. 28 
51, 214.73 
72, 740. 00 
130, 504. 25 
57,519. 71 
46, 557. 55 
86, 948. 26 
43,640. 00 
20, 579. 07 
56, 540. 00 
503, 140. 00 
370, 394. 65 
284° 220. 00 
21, 600. 00 
20, 000. 00 
100, 000. 00 
100, 000. 00 
36, 450. 49 
57, 170. 50 
282,793. 80 
65, 909. 59 
100, 000. 00 
111,606. 75 
44) Zia. 
64 704. 98 
50, 857.19 
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Onda AGREEMENTS EXECUTED IN JUNE, '920—Continued. 


State. 


Missouri 


i i en ee 


MRTVIA YI bo 2 oon akcs fon oe 


TY OC Fai 25 ee ae ole 


North Dakota 


Project 
No. 






























































Estimated 
cost. 





$136, 493. 17 








Leanvihi / Project | 
County. yopet = Type of construction. | ai | 
| signed. 
AIOE 6 er yc 3 ek ae RT RRR ise we Fas ae ca c Facies Gab Giae€ne huss June 9 
ihe AML ates ck sx co ces es oem RE 6.070 | Concrete and hillside brick....................\-.. do.... 
CLA Sn es 12.680 | Asphalt, concrete, and hillside brick ..........)... do. ..:| 
STENT; Pei cas S| . 376 Asphalt, RTIOIGIAS oon aa aw ae ee 5 ake oe. ee 
CeIOMET Aso. remade 9.306 | Gravel and concrete:.......................... | June 245 
Cape Girardeau............- EA cr a ie at ae See Sear ae June 9 
"Ea ee, Ee ele 7.935 | Gravel Og eS Oe ea eee = ee | June 23 
CHILL Naa asc <p pres es 8.857 | Bituminous macadam................-.--.---- P antithe ce 
EWES ona s Www ageear eee ps 5.800 | Gravel on macadam................-.--------- ee eee 
RUS a ere RN a's TG only ase Cthe ee eee eee ee is da. 
Lewin cin. Sa tata Tonic Ak 4.280 15... sy ees Ak eee ee eee er }..-d0. .- 
pear he MN Peo. woes we | 15.762 | Concrete ayer tities DElEi. cc pce Shaws dc crank fe® a do... 
Pee Re Pub sha teat eninc. Te ALCOR ee eee wor Bes oa OE de 
A ne Oa Git as Tie eatee TOD ee CIES eth oes tn an ga Sea Sa ae | tO . 
Phiten 8. ee od SOO ee eer ad ee RN go My hale AAG Kely 2 
JOPRR OT FON ae. Mate de 4S Teoh Fike oaks | Bituminous macadam.....................---- =a ee 
La PP eh Te | |. eae, ie ile Oa, er a ay ee ee ee | ee 
REO Eis. ot ca Soh gs B11 Pertngs. «wins een Cane 4 ee May 21. 
eee Sa Ee iia Stee eee | Meow 5) 3 eae Ey H til <a e, d  e  eeen June 8 
SOREL Oe Dee ee CURES “AST Se a ee er | ot re | June 15 
A, 6917S 9 ae ne a ee ee aes PROUT s wa nad ees ate ts an i ee yee a June 24 
ETE 07 ea oe el a ie 4,580 | Selected mstarial. ... .. ..ccclnonducwacaucvewwee June 25 
EOS a 0) ane tel Bien yan ae RAZA COROT i a ee op en Se Bae Bet po June 28 
ACROSS So? Saeed ot 2 Da ES OT, As eh Se DSS ny he Pe A eed ee Gtr ew 
AFUE TE ee th ae ee ng ae Connie ty a lnc ts ee st 5 en eee 
OES ee a, te ea! TOUGLE OG evert - eo ee erie 22 PSP. toes 
SOC eS oe aaeeee che a's | Bia) oo ot ee et ee Eee. cee Bay | Ce, 
Walleye oan ee 1,890 |..... BO i ce | ae er ee | June 18 _ 
gL US ee eae he LU OS (ty re IR fe ns Bg ON ee Ses ee June 28 
RII oS Pe Pele Bot 3 eee 10. FE) tec G0e . 2 is pe ee, oe Se oe ge F ar: 
BOT Sel the Sge BE e toe ao ED, 1f. Coe + Ee Mag tO SIE, eS SE ee RET  Giiiecont 
Y GU Webiiie-. 2 oe otal cc BOSS Wionwaton. be. oes ed 2 in te Sk June 30 
Dest badee.¢ 23 os) 28 0 cao PSUR lx ex's Cit od ikea Bee, adits, aaeom.s, Mes Reese 
Y CULOWREOB Sc dn re Parcs ae eee CPR VOU AS OR Ore ie ee 6 ie ae ret ie May 21 | 
Mites ose) £6.370 z2. <2 ES eee aa re ae = ee June 28 
CEB UALI. fe Py oe ae oe, Oa ons OS Re cies Pook >, 2 a Sh ne Oe dbase 
MAA Oh Rt Ie Ot = ee he ERs SE, who's TE Wa 8 fs Ra = aire Danie np AP a a” SOR id ae toe 
POROISON, 0 ct, a ceenenn Seen .703 | Bituminous concrete, or concrete..........---- June 30 | 
PRR LOUGAG. ... Acc oe eee ee SLOT leant 8 oO! fe 8 eR Rs TAN June 29 | 
MM tenia 2s oe, oe Ver yew aa Ete TGs hte: | Anon o. Salaam eS 2 June 30. 
miicseishinll 36° eee poses Se ae a een, eee Skee a Oe ie it eee 
WY GUOWSREGHG. 3. «aap Sew eres ce pO Air h c. a cere! ere ee POG seus | 
CISSORU ET Ck cue auuute tne ak ome Oe Say gS ke ee a ee tne ee re (Pe 7 oe 
CU a. ence, Sa i: eis igh tg eee 5 Se ee ee eee ee” SP een eS is eee a 
Re ng SY ee i ee ere ec es ae rs sh ee. eas ee Te May 13 | 
Miniwealt. S06. SS: ee Pea ROU OMB UAL fe oe Seo eo. fac fe Bee res June 7 | 
CATR fc A Se a ea Lent eoiac oe BUUIVGS a ian on Se. Goenka aust See eee 410.. -20% 
THIRD Yo on eet AN RACE oo eee” Soc ees een eS EE go.cs. 
WashUsnGa societies RSM Mba tec IN. ace Frnec wes cers SieeNeie ate ee diktec: 
Pershing). 225.5 4...985 see eee WRSTRVEUS xin fra Peeh cescus de ee tts NER eee Ske June 30 
PSG nS Rn Se nd ee it a ig. Gilg 2: peers a A i eS Fon ee 2 June 20 
Sante Rar ot pee ek ES OF tg oe Se ee EN ane a ee ree June 3 
Waloniela oes oe oe ens AU GhOrs Oreshen Si Gi. penscctcnc lhe e ne ew ane June 24 
Roosevelt... 2s oe dconcewy tee | 11.365 | Caliche, two course...........<<ss0--20ee-en-s | June 22 
PUR Ys omen Se eee webs eeeeots TIGL Gn: Gua rie apse dk tase oe A sear ah | June 14 
EE 98 ie ear ch a PRESSE GRUCUE, 25 Ses 5 Se COUR SEO See ek uaa weds June 23 
Sal Minniel ..csk dee ewha rae persG, DSi) Crushed ston. <5. >, Sos... cee ee kwe eos nokta cer 
TONGS 2. Sosa dade delete neue | PB 22S. Va Vols As: cen kcae eta ent deaeodveieieas vas on: tee 
MOG tee ne a be oe ie 12705 Ten <5 OO nis oe noah oe ee. oe ee Sen ets Dee fs heme 
Davo SS ie ce ek ee ea ci at eh ee eels decor GOR oon aioe aarnic Mewar eee Setar ele | June 3 
SUC? ¢ (ie ae eee ae 10.330 | Reinforced concrete........-..c.-.2.se<encoee- June ll 
WOO ne ee TO2BG: Vee nce oi ae Ae ee ee eee eR Tile ee Ae O's SOE, 
OLE 210) ee ie Seat ee ins BARD T2906 |e ean en is Sets a whale gic Poa ti cere aes ao ry: (yaa 
CHANUSGB~ =. oe eno Sete eke x ate Meee 1 Ce See ne Se ee alg, i a ae ge iS ie a ee Hoosk«s 
NQUGISON ccatives aaa rccasdvs @,250 |... . OSes tig Cede ote busine ent ederat a beeen 2 | June 12 
Pam pS INS Ee wae ese ecco Wii 4.470 apes Os Sens, Ge ea eee re 1S et June 15 
CSIC AIS Ue tans Bk ere d's 3.940 |.... UCI ack 4 aE kale Nae hg a ta erg Miia a ht ents Semel fo eee 
Otsego and Schoharie....... ROGSIR Doteeted Oe ciety carras eat kita uh tase cate wx Pawel arom o 5 | ee 
CHAUSEMONIR. nonce ue hanes 72680) {ho~ = WER Greinke eens anny sealer eae ae km gn | June 22 
Schuyler and Seneca......-- 11,400 |e. .6s Oh tat wiemcetnrle nine is Bees denned od June 15 
Fulton and Saratoga....-.--. FEST es xs BG atte sedan ee ane ae rietien eee Gee ate vax ee June 21 
Ciriaanes 3 dckenn dese Poca nuke 2 O50: |na dnt Qa ote cai rors comtnn be ema d 25 us June 15 
Chemung and Tioga.....-.-- 3.620 |..... Oy is ttre Reagimtys mae Soe tye eee te fa hth Oiss mas 
Herkinwes fea. Se es 2.080 acct Re eh ee ae ee ey Le ae ee eee st 
SPIN ak waa ane branes 9: 580) | dows he ciate a ae dina  Se nan eta) SEG: 24 
SET ONE 0 Oe ee eee 6.500 |..-.. GD di nn Dep sn rors oe Alo a a he eee ahs idk 
SENS 25 Se oy ane e's ot 4,090 |..... oe on Se ey oy 5 ee 2 ee Oban 
UPN T Cat 42-05 Seen eS ae 8.370 Janka gs hee tre Sire stceeaian oe ee ee acta SKS Oh ea fe 
RRR a ee a ew nie Fae 9.370) |- 2-52 1 Ae ae ee AP ae See 8 Agee ee Atiess 
AIT COGT, ro how Soe awn 400) Bittmiinows mnesiam . 7... ...<<ccddnenasbhecses ae | Fae 
Delawafoes. cout paces 10. 570 ||| Reinforced conerete. ....5.0.. sen ed< cee ar wees tot OS. due 
FRRBERON poze dae hy Sank 5a 2: G10. 2.4. sO 1 SE Sage oe Nee OS as tS ee eee ere June 25 
Mrs ts oc arcs Soci 2: 340 jes<ct BO SC crcmacbimureccnuce rte has ee wamasons| DULG. oo 
OP a cy ae eee te ee 4, 700: bce. 0 ee ee ee SE, i i ey June 29 
SIGMIGGIET 2 © agi Be 7nd 5. 990 Gone nen Tce Pe i OO ie Rage a SD “002800 
BENGGOR o> te cow va ouren's * 400} Beinforeed congrete 6 aon det and awkawnavcecsn | June 28 
LAVID SOLO oben wodehaen ky 5.180 }..... SLE, a ieee eine wathc irl ike ee AE cine Reardon alae "Gia ra: 
BLOW DOT hana oes, tarewer ee eens 9/780 |5 5.2. SF ap lp a Ie NS eA oo Se ee ee June 29 
TS ye ae ee: et 12. 540 oe Reh Stic a de vanes beers cure vee ode owscaunlices Siecmss 
WVBR UTE pdt cats um ane wees OO tea. OY ete ot tiateial aie ein ated tmed ae A Rea a a oe = oA: Seer | 
Ontario and Wayne.......-- 6. 990 | ats EL ge, ae ee ee a one © ee Se ee eS See 
NIE Fits og en nies we al $a By Sc a ea oe ee ee eae ae ee June 4 
Burleigh and Morton........|........-- ORLNOES os cle nts Pama ona ene eee thea he eo June 15 
MBs wes 8 oe a Crease xe teens BOUOy va satis adda rations Coane ees wte ek Gaxeas Dae: Se Pe 
‘Tawar. Wie se coca wsn ens BT SRST SUBTEN s 2 lo scae rar ee de da evpws alae ache wees ay est June 29 
BEINGS . Masts asiinck tens 14. 250 |..... hi So ee re ee ee ey ee eee eee ea (ee 
Uy Se Re ee ee eis ee Oe AS Pee ot ee ae ee et ee ee ae ae June 30 | 
Bottinaatec. tree ccc case ee ws setae slscsce ‘tT. eR A OE a Be Pee oe TE | St a | June 20 
PGIISB Ys yc dea -aws cues eke ch <tacclasebuce Pee og: Re eee, Sone a opr ee 5 ee, ee oe June 28 
Grand Forks soe 0c8 2c dasa Re ITS NEY 42. wa. a nitcetl Me UEE PUREE Balen Aen Lens al DUO ad 
LiOtan is wie eaten warn snes 2. 688 Brick, bitumen, or reinforced concrete.......; May 21 
PAU Cs 4cd oc an cowee 2.723 Concrete, semimono brick, warrenite, bitu- | = (A 
lithic, or bitolslag. 
Belthiornt 26 cee west sank 3.839 | Bituminous macadam.......................-- | June 24 
PrtOll cigueve take weg ate se BAL | Contreter. . ed ats cendeuweannd<edpansbwnnd dane | June 8 
VE 000 vacmacdwcice ets em aed 3.378 | Reinforced concrete or bituminous concrete... -| June 24 
CST Bide den atoe beet oles 4.821 | Water-bound or bituminous macadam........ June 8 


304, 539. 32 
{ 649, 249. 23 
29, 892. 11 
65, 418.17 
: 102, 523. 67 
96, 067. 97 
- 181, 536. 64 
88, 637, 80 
81, 502. 80 
50, 127. 45 
688, 325. 88 
L303, 000. 69 
95,373. 75 
118, 016. 27 
1 21, 101. 78 
17, 290. 70 
335, 877. 10 
55, 049. 50 
21, 767. 07 | 
35, 732. 16 
25, 286. 77 
206, 966. 06 
150, 216. 79 
68, 759. 08 
133, 976. 55 
259, 409. 49 
16, 717.71 
31, 581. 33 
51, 805. 00 
97, 624. 89 
52, 764. 85 
333, 465. 28 
i 56,291.70 | 
2 21,993. 54 
1 3,153.69 
1 11,960. 26 
27,716.14 


ican] 
He 
~~ 
fa) 
=~] 
= 
«J 
OQ 


183, 357. 90 
87,407. 10 
126,177.19 
414,915.29 
103, 718.21 


8 112, 091. 73 


48,184. 68 
82,789. 92 
88,321.51 
130, 459. 03 
153, 992. 71 
157,970. 20 
116, 120. 63 
190, 989. 67 
3 4,814.19 
412, 983. 67 
289, 905. 86 
316, 000. 00 
108, 400. 00 
121, 500. 00 
177, 400. 00 
157, 600. 00 
423, 200. 00 
305, 200. 00 
433,997. 95 
449, 500. 00 








~] 
Ao2) 
ao 
oO 
—) 
S 
mn) 


633, 400. 00 
39, 600. 00 
279, 600. 00 
32, 562. 63 | 


815 mera 


Federal 


aid 


$52, 883. 15 


126, 270. 20 


vr 768. 32 
44,318. 90 
i 40, 751. 40 
| 25, 063. 72 
329, 068. 82 
144, 928. 43 
, 47, 686. 87 
59, 008. 13 
1.10, 550. 89 
| 3,645. 35 
167, 938. 55 
27, 524: 75 
10, 883. 53 
17, 866, 08 
12, 643.38 
98, 480. 00 
75, 108. 39 
16, 800. 00 
66, 988, 27 
129, 704, 74 
8, 358. 85 
15, 790. 66 
25, 902. 50 
48, 812, 44 
20,790. 00 
166, 732. 64 
1 28,145. 85 
2 10, 996. 77 
1 1,576. 84 
1 5,980. 13 
13, 858. 07 
10, 737.36 
26, 260. 00 
10, 996. 67 
39, 900. 00 
11,372. 47 
50, 860. 49 
23, 813. 63 
91, 678. 95 
43,703. 55 
63,088. 59 
207, 457.64 
51, 859. 10 
355, 488, 23 
24, 092. 34 
41,394. 96 
44,160.75 
65, 229. 51 
76, 996. 35 
78, 985. 10 
58, 060. 31 
95, 494. 83 
3 2,407.09 
144, 544. 28 
144, 952, 93 
158, 000. 00 
54, 200. 00 
42, 525. 00 
62, 090. 00 
78, 800. 00 
151, 013. 50 
152, 600. 00 
221° 998. 97 
195, 470. 00 


? 
124, 810. 00 
40, 215. 00 
181, 055. 00 
31, 745. 00 
56, 800. 00 
35, 800. 00 
119, 800. 00 
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_ PROJECT AGREEMENTS EXECUTED IN JUNE, 1920—Continued. 









































the original agreements. 


2 Canceled. 


4 Modified agreements. 


O 


7 Project 
: : aeree. Estimated Federal 
pes Project County ee in Type of construction. ment cost. aid. 
ate No. ; aate signed 
or ol Pea ee ee Bee FPR June 2] $294,135.38 | $147,067. 69 
a ee ye as 17 | Canadian and Grady....-..-|..----- os TLD iis sos tie peo ae “a ee June 17| 408,741.32 | 204,370. 66 
shania’ 3 1S) DASE OGRE ns ct etiran beteani er Darth oh ee ; le a Peng | 76, 958. 64 38, 479. 32 
Tiscerit lcs. Laas ae | 36 | Wasco... .--.....-----++--- ore Conan a ee eee June 3| 325,931.99 78, 488. 26 
Bomith Carolina eee cin c es : 81 | Charleston ........,.-------- i. Gomment Ana Aa eee June 17/| 376,631.88 125, 614. 93 
Paey He 98 |-Orangebtirg...-«<2-sn0seasy< 20. 241 Ton coil a act ae le op ia ade ag: 84, 731. 87 32, 301. 06 
G4) Larrans. aaa. ck de wees MABE | TODA ris ah eee ee eee ho “Fite 93, 521. 89 4, 200. 
94 | Union...............-.------ she Gravel? cs. cc eee ae Bc June 2| 136,922.10 68, 461. 05 
South Dakota.........----+- 34 | Spink. .........2----222-++- kth Mone eamneie eS ee ih cet June 23| 140,712.29| 70,356.14 
2 = ri deena EL TESTA REE Toe CN ne a OR 125, 422. * & 567, 51 
33 INGE. cade adae cp anenneean== OTe Wedgie ferratin eye a nee Rafah ae ae 68, 735. ) 
; 32 | Lauderdale .......-..------- 7.717 | Bituminous macadam ......----------++++++-- arr 172, 012.30 86, 006. 15 
Tennessee .. .....-.-0+-----+5 666 pee eee ry CT Re 4 ca! do... 
Comat Sa 33 | Crockett.i21<.0 00k en ascent 5. Fi Php dome le te ee ee i553 169, 013. 31 84, 506. 65 
42 | Hamblen........ “et HES SS1b ieee ae aMraaaph eaten cop oo Tay a ao, 172, 501. 28 86, 250. 64 
i | SBSIDY ner bike Saks oh 206) Hath ene ee eee June 15| 88,282.92 | 44, 141.46 
27 | Lewis an awrence ...--.-- - Eel Len eee oe eee y . 
14 Grainger, Hawkins, and Sul- 50. 129 Bituminous macadam Es TD SAE ee June 24 1, 216, 367. - ‘ % 
livan, w.--| 443,277. 85 221, 638. 
OY). SOUT adultes e ah we ent 11. 872 LONE BEDDEN coi -o Warder nee ae te ae As 374 348. 32 187, 174. 16 
Sh Tt Slomiliteeior co 8s. ae, 10.143 | Comerete . .......----. +--+. + 22-2222 e eee eens] June 7 198, 754. 52 75, 000. 00 
I74 Denter. 22... 2 oo ee 10.034 | Gravel surface treated.........-.--.----------- 5 40, 030. 00 
RSM es phi ya ogden tt e> J BA Cay Ol. oracle as Areatice eat ek Rae June 19} 114,781.52 
Weis weve OG | Tahar. adecccons hae ac eet Oe pe a a ee pale teal oak a ky _-|...d0.-.-.| 870, 620. 60 200, 000. 00 
100. Rookwall. ce -t.ccewlnaostenk 13. 360 see oe oak a ae ae 6 ae te ae 187, 384. 35 85, 000. 00 
104 |) Babine . a dncs Benn pin dae eo 13. 690 pad Seater To ae. glee eae do.....' 77,830. 50 35, 802. 33 
PUB cc nei Sep aaarer eee yee 7. 236 folds surface treate EN Lele ae 458, 168.47 124, 000. 00 
113 | HM .-----nseneceenn-tee7* Tee ade Ee eee a do...-- 257,819.14 | 100, 000. 00 
132 arKer........--+----------- ; eet AEN Terre as Tear teats es tea © Cpa: 9,302. 75 2, 600. 
197 |) Limestone ss. sic aens ecm ee 28. 329 Pint dl Lithestonie. « ««encraes es abals ee #89, 711.71 30, 000. 00 
82.) Jasper iaic ns nae geese annem 16. 210 ene ‘enw & be ea SP er 56, 456, 14 20, 000. 00 
198A) MON Sapa ow, Sachi, eon Sete ee paar iden titer eae aa oe U7TTT| June 22 | 1377385. 58 68, 692. 79 
135AB | Schliecher............--.---- 7.430 | Stone macadam............++.---2-0+-04-02+0+ June 21 20, 761. 38 10, 270.00 
154'} Bastrop, catsnd sex de ch anens 2.260 | micah oe Rar es SAS OF a aa aces a 42, 684. 04 21, 000. 00 
156 | Titus... 2... .cseceseraseeees 5.150 Roth eee ee ee ee ee June 21 | 180,132.07 70, 000. 00 
OS. |, Hand wear: ce. on kaceckcmn mee 27. 540 Geek Ree te ae eee June 30| 137,131.61 67, 150. 00 
111 | Scurry, Mitchell,and Nolan.| 21.523 pa SMe sip Sigs ome Aare MAS ASS eres =e meee ee June 21| 149,257.18 65, 000. 00 
125 [LAD OPE ie sists: can taetoenc ane Sahl S | ape ug e ued aerate St Remk gn ae ate ar tauagane oes Fore 4 | 1210, C0S.27 tos.ctseekeee 
Bz | Wilbarderc:.. . tees 42.066 | Concrete. .--.....0..---.e0eee eee e eee eeee eens Fume We 50, 515.94 125, 257.97 
Oh OEAE S. os  eee Gravel and gravel surface treated..........-.-- June 28 1 7 173.53 12,790. 00 
59.'| Oslhoutin ae ux cadieduets val aavaaeene pide BSE aks Sicated me ot or ele Omen Ramee June 29 197° 274. 30 1 25, 000.00 
WF) Bentonncs sigaeu nutes arreelywasc ees Gravel surfaces treated..........-.--- ee ag June 22} 204,031.83 81,078. 81 
131 Bexar. me ee 15.767 | Concrete-asphalt top; gravel-bitumen top...... June 21|  192)680.87 48, 000,00 
138 | Limestone. -—2<.5..0nsancsss 11.917 | Limestone macadam...........---2e-e0eee0+++ Pines 24, 851. 81 10, 000.00 
1404 | Wi lliguion os asin Meds santos tees hl ition sa wah stalk. 4 aed AS Nee ks 3 do.....| 422,683. 52 200, 000. 00 
140. 1 Opasieds. 2. eta tee cone 10. 260 yc eneaa @---.--.----- PE Ed td Fe hangs 3 June 28| 204,294.58 100, 000. 00 
142; | Doantotieweess toartarctiocen 8.000 pe blidile and bitumen top..---..------++++++-++- June 30| 309,391.62 116, 000. 00 
43 | Tarrant .....-2.-22-22-220- ap Uh cow oh tere aurea asl Tit Soc June 29 | 122)513.08 37, 487.04 
1 go 3. . Sewer aes OSG 9) TONGS a rv ee sbisis aa atm ans oh ps anes = Sue pawes «a sinwe 6, 500. 
00 | Onlh Orit scm ..te en eile Bane 4.616 | Mudshell on gravel base......-.-----+++-+++-+- aoe A = 055,11 87, 257.24 
Li buj attty.s 5 Fee ee oe 8.720 | Concrete and gravel............-..+-------+-+- os ies 166, 570. 78 41, 507.12 
LAR WO aechs tranare cs ek ten 17. 500 Aaig pense ehh seine agg e's cael kf June 28| 427,441.48 140, 000. 00 
EASE UL Sat: eae Ronee SSS Se 16.590 | Gravel, bitumen top............------+-+- ++: June 29 | 388,962.58 125, 000. 00 
14S te Kl Ober octets age ogee 18. 600 Sls arc eda Ad tg ye or do.....| 424,192.72 200, 000. 00 
ISL | Bee. «eee seseceee ences minpiitl pinkie Til pats ete ee) ig a hoe do.....| 1047202' 41 51, 200. 00 
86B } Montague. .....,scuvense> es Se ab iStrietane tech ee ee ee ee 1 6.67 14, 333. 33 
21.) GLOBE = a ae 5 atl dua enne ae ten MeN Sielgiste Worse TN ACRC RD ng Wl een a yee ¢ a 506. 88 276, 798. 44 
ital es eo st R, BGHIK.| Millatd a. stesxeseeea see rig Lh pe oe ight a Rett ge pee June 16 | 317,044.11 | 158,522.05 
4CDE | Carbon and Emery.......... 30.530 | Har bot’ tikes 2 eee ie 5 eee 28) 776. 66 14, 388. 33 
eee 1 a > eee ee ae 3. | Caledonia 20y5 icc. 2.2.52 . 730 Bie Ae HA COCAD A as 6 skate ar bene eae 2 eos 17,003.91 8, 501.95 
5 |) Prenklinis :%. ..chteate aun - 710 PON i ean ct a tae le Waco 287, 118.48 143, 559. 24 
12 Bennington and Rutland.. 13.570 | Gravel... 0.2.20 cence seen eee e eee e eee eee ceee|eee AG 117, 688. 23 58, 844. 11 
1g (Addisdns cs... 2. ee eee 4.070 | Waterbound macadam...............-----+-++|- June 23| 149, 536.42 74,768. 21 
14)| Windhamice.<, > eee 5.600 | Gravel. -........ +2000. e ee ener ee eee e eee eee e ee do 153, 787.37 76, 893. 68 
15.) Chittetiden--2-. wee 4.030 a Pg Macadam..-...---+++++++++eeeee elo Aaa 41, 980.73 20, 990. 36 
16 | Washington................. 1.260 oe pall bleh errs te ee ek Gee June 22} 16,619.03 13, 309. 52 
6 | OFAN G6 cas <a ene yp tees Peels ee S| Crtuhid tack em eee ee 2777777] May 13]  297)899.21 148, 949. 60 
Washington.............++- 35 | Whitman................... a hoo | Bere eee ee June 28| 39,625.00 19, 812. 50 
Week Virgil: eu. 2525-50. 66A | Witt.......-...2.2---.--2 ee. = ney! Conerete: cul ct a aoe nel ied eee June 22 36, 000. 99 14, 000. 50 
NRECOUSIN § a5 nde teed ae ah se 107 | Monroe..---...........----- 1950 621. 2 bn. eS, SON eee ene doc 88, 999. 49 33, 500. 00 
Nn ee ee 1700 | Gree 24.5: so3i same pase st aie ae eae June 24) 25,902.67 | 9,000.00 
} Wei Da pwn w Wee Pa Ne ao bo ee wae pl Ae i \ Oe gence camp Nala TTF NLS Bh oe Ee in : 
T11) West Claie 2 keen See toes 1.900 | Concrete.............. satire ink PAR acters apaia Phe a3’ ot 7’ 000.00 
1931. Waushare-<f. hese hetsaok 2.319 | Sand-clay.... 12... +--+ teeee sees eerste este ee|eee do.....| 2607422" 44 91) 212. 00 
INO’ | Dodges = tps att teeirs ana 6.450 | Concrete. .-........2--22-0eeree sees recess ee eeefees be 60. 236. 22 20; 750.00 
300: | Waeninetone.c oo conenee 1.710 |. --+-MO---- 2.0. eee eee ene ee ee eee teeter erect eee el eee int 89° 045.96 33, 000.00 
164 |, 28 CRORSS se weer ate os 2.100 |. --++dO.--..-- 2. 2c seers eee reee ee ee ee ee sere er eeelees agin 100” 563. 48 30, 759. 29 
104.) Ovaukee. iso... sccencicdecsa 2. 460 |... -- DO0--- 2. ve nnncenarenerenanaereencssnnenscsn[aas Ag ees 97° 951.63 11, 547.00 
108 Satna Sos 524) wk eee 1.630 | Barth... -....- 20-22-0222 eee cece cece ee eee eee ee lene CMa Ge 967054. 81 31’ 000.00 
TIO |. WAUKOsia see ee ee 3.040 | Concrete. .-..... 2-22 -ee serene reece eee ee rene e|eee do.....| 283,417.17 95,275.97 
113 | Douglas. -.. 00. 2ennninas> 5.795 |... G Ons siktnenonaz tins mene mnie PRARRESE WAESOE Ra ne ane 197) 812. 41 77, 465. 00 
L1G |, Walworthi: 224 55...cumebad 4.720 |-...- dO... seen ener ee eee eee eee e eee n eee ee lees do.....| 197859. 51 7’ 000.00 
118) Ashton sos 28 yx poet re oes 1.400 | Gravel... ... 2.2... 0-2 ee eee ence eee eee eee ee eleee Aare 1327 437.50 44. 650. 00 
123 | Manitowoe, 2 ..ccecstunieo es 3. 880 eee ak coke dd site hn cnc pa en ak ha a ine 97 954.05 30, 000. 00 
139 | TOWN «5-os0-0 cose tak pine 2.910 |....- OR A i gs PORE, pa aa ae te pat Poe ge 17,219. 40 5, 800. 00 
183:|' ar Claire. ooo seg poate. WAAL |. 2-6 U0.-- eee ee eee ee eee ee eee ee eee een rene June 22 : 13’ 390. 68 
31 ees ee ose SSNS ee Bt he ae F PREM SURO? Pie 1 4, 222.70 
54 PINT F< Finis andes opie ae ie Se So nes SS A a ie A Ma pS SO A, IS | we NAY ae 1 
72 | Jefferson and Dodge.........|.......... Concrete... .....-----20eeeeee eee eee eee eee eee: ee sail 1h vy a 31, ig 
157.) Groen Lake. co) ssseich caves’ B10 |... 2-UO.-- 200 ence reer ee eee eee erence eee eee eel ees ra lie 30° 208.09 10; 086. 83 
161 Juneau SE FE OE OE Ry Be aR ge ee = 935 ' aut hee, Joa OR Stn a do. oF “ 45. 329, 87 15, 300. 60 
170} OURS cess an! coccuntan eee 4.660 | Gravel... 20.0... - scene eee ee eee reece eee e ee] ee do....| 98° 139.97 10° 427.07 
173} BRAGA Sian py nse tee! Concrete bridge..-....--.-+---+-+-+-22eeeeeee eles aan 9’ 315.03 3° 300. 96 
173 Wide dc bie ue shen do NRA 1. 020 MATE... 2. eee newness eewen ten enseodbaseeeceslacs aes es. 4 162. 000. 00 54. 000. 00 
£4) Galtinsal ce cedes, an leeeee 4. 820 Caner td ata ola hh a hes oka an la alata hale’ ies 9) hbo toe “"l 499" 137.68 43, 388 00 
162 | Kenosha. ..........--+0--04. Ey GEA POOP ETE Re NAb Paeon Se ee 54,133.75 | 27, 066. 87 
WHORE. te seen decuxckoes 68 | Hot Springs................- gr Gi ae aka wee et ee ee ee do... 27, 501. 85 13, 750. 92 
45 | Albany..............--.-.-- rE een Nahin Ah dM Lee oe op em: 13, 653. 70 
55 | Uinta... .---2-2seeeeeeeee ens ae dae \ Fa ech talalneen side ck = rh 16, 567. 21 8, 283. 60 
60 | Carbon..........-..2++--+--- 10.750 [0 AR sue hn eee didn. 92) 169. 57 46, 084. 78 
69 | Johnson......-....---.--+-+- POLI Bulectaauatelel nn ee do... 27, 118.74 13, 559. 37 
BO" BAGOYAPO He on eon ei 11. 894 ©1€C TNAVCTIAD.. 2-2 eee e eee were ene ee nes do 36. 395. 26 18, 197. 63 
53 | Hot Springs.............-.-- pan GTR el A btelonn cena — Ns + sien i gee ea 66, 350. 47 33,175.23 
fl BE colle Reheat mo 0.238 | Selected materiale 2.2L Maori] sitsens4 | 40°80: 71 
A?) Wints. 00 wccwsansncin peeoee ee ee BATU RE EY oi ig > dns we na dn none awe nee eee ite ee 1 23, 894. 75 1 i, 947. 37 
' Modified agreements. Amounts given are increases over those in 3Modified agreements. Second revision. Increase. 


Amounts given are decreases from those in the original agreements, 





ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS. 


Applicants are urgently requested to ask only for those publications in which 
they are particularly interested. The Department can not undertake to supply com- 
plete sets, nor to send free more than one copy of any publication to any one person. 
The editions of some of the publications are necessarily limited, and when the Depart- 
ment’s free supply is exhausted and no funds are available for procuring additional 
copies, applicants are referred to the Superintendent of Documents, Government 
Printing ffice, this city, who has them for sale at a nominal price, under the law of 
vanuary 12,1895. Those publications in this list, the Department supply of which is 
ethausted, can only be secured by purchase from the Superintendent of Documents, 
whe is not authorized to furnish publications free. 


REPORTS, 


*Report of the Director of the Office of Public Roads for 1916. 5c. 
*Report of the Director of the Office of Public Roads for 1917. 5c. 
Report of the Director of the Bureau of Public Roads for 1918. 
Report of the Chief of the Bureau of Public Roads for 1919. 


DEPARTMENT BULLETINS. 


Dept. Bul. 105. Progress Report of Experiments in Dust Pre- 
vention and Road Preservation, 1913. 


136. Highway Bonds. 

220. Road Models, 

230. Oil Mixed Portland Cement Concrete. 

249. Portland Cement Concrete Pavements for Coun- 
try Roads. 

257. Progress Report of Experiments in Dust Pre- 
vention and Road Preservation, 1914. 

314. Methods for the Examination of Bituminous 
Road Materials. 

347. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 

*348. Relation of Mineral Composition and Rock 
Structure to the Physical Properties of Road 
Materials. 10c. 

370. The eeu of Physical Tests of Road-Building 
Rock. 

373. Brick Roads. 

386. Public Road Mileage and Revenues in the 
Middle Atlantic States, 1914. 

387. Public Road Mileage and Revenues in the 
Southern States, 1914. 

888. Public Road Mileage and Revenues in the New 
England States, 1914. 

389. Public Road Mileage and Revenues in the Cen- 
tral, Mountain, and Pacific States, 1914. 

390. Public Road Mileage in the United States, 1914. 
A Summary. 

393. Economic Surveys of County Highway Improve- 
ment. 

407. Progress Reports of Experiments in Dust Pre- 
vention and Road Preservation, 1915. 

414. Convict Labor for Road Work. 

463. Earth, Sand-Clay, and Gravel Roads. 

532. The Expansion and Contraction of Concrete and 

‘ Concrete Roads. 

537. The Results of Physical Tests of Road-Building 
Rock in 1916, Ineluding all Compression Tests. 

555. Standard Forms for Specifications, Tests, Re- 
ports, and Methods of Sampling for Road Ma- 
terials, 

583. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 

586. Progress Reports of Experiments in Dust Pre- 
vention and Road Preservation, 1916. 

660. Highway Cost Keeping. 

670. The Results of Physical Tests of Road-Building 
Rock in 1916 and 1917. 

691. Typical Specifications for Bituminous Road 
Materials. 

704. Typical Specifications for Nonbituminous Road 
Materials. 

724. Drainage Methods and Foundations for County 
Roads. 


Public Roads, Vol. I, No. 11. Tests of Road-Building Rock in 
1918. 


OFFICE OF PUBLIC ROADS BULLETINS. 


Bul. *37. Examination and Classification of Rocks for Road 
Building, Including Physical Properties of Rocks 
with Reference to Their Mineral Composition and 
Structure. (1911.) 1ldc. 

*43. Highway Bridges and Culverts. (1912.) 1ldc. 
*45. Data for Use in Designing Culverts and Short-Span 
Bridges. (1913.) 165e. 


“ Department supply exhausted. 








OFFICE OF PUBLIC ROADS CIRCULARS. 


Cir. 89. Progress Report of Experiments with Dust Preventa- 
tives, 1907. 
*90. Progress Report of Experiments in Dust Prevention, 
Road Preservation, and Road Construction, 1908. 5c. 
*92. Progress Report of Experiments in Dust Prevention and 
Road Preservation, 1909. 5c. 
Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1910. 5c. 
98. Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1911. 
*99. Progress Reports of Experiments in Dust Prevention and 
- Road Preservation, 1912. 5c. 
*100. Typical Specifications for Fabrication and Erection of 
Steel Highway Bridges. (1913.)  5e. 


OFFICE OF THE SECRETARY CIRCULARS. 


See. Cir. 49. Motor Vehicle Registrations and Revenues, 1914, 

52. State Highway Mileage and Expenditures to Janu- 
ary 1, 1915. 

59. Automobile Registrations, Licenses, and Revenues 
in the United States, 1915. 

63. State Highway Mileage and Expenditures to Janu- 
ary 1, 1916. 

65. Rules and Regulations of the Secretary of Agricul- 
ture for Carrying out the Federal Aid Road Act. 

72. Width of Wagon Tires Recommended for Loads of 
Varying Magnitude on Earth and Gravel Roads. 

73. Automobile Registrations, Licenses, and Revenues 
in the United States, 1916. 

74, State Highway Mileage and Expenditures for the 
Calendar Year 1916. - 

77. Experimental Roads in the Vicinity of Washing- 


ton, D. C. 
Public Roads Vol. I, No. 1. Automobile Registrations, Li- 
censes, and Revenues in the 

United States, 1917. 
I, No. 3. State Highway Mileage and Ex- 
penditures in the United States, 


*94, 


Vol. 


1917. 

Vol. I, No. 11. Automobile Registrations, Li- 
censes, and Revenues in the 
United States, 1918. 


DEPARTMENT CIRCULAR. 
No. 94. TNT as a Blasting Explosive. 


FARMERS’ BULLETINS. 


F. B. 338. Macadam Roads. 
*505. Benefits of Improved Roads. 
597. The Road Drag. 


SEPARATE REPRINTS FROM THE YEARBOOK. 


Y. B. Sep. *638. State Management of Public Roads; Its Devel- 
opment and Trend. 5c. 
727. Design of Public Roads. 
739. Federal Aid to Highways, 1917. 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL 
RESEARCH. : 


5c. 


Vol. 5, No. 17, D- 2. Effect of Controllable Variables Upon the 
| Penetration Test for Asphalts and 

Asphalt Cements. 

Vol. 5, No. 19, D- 3. Relation Between Properties of Hardness 
and Toughness of Road-Building Rock. 

Vol. 5, No. 20, D- 4. Apparatus for Measuring the Wear of Con- 
crete Roads. 

Vol. 5, No. 24, D- 6. A New Penetration Needle for Use in 
Testing Bituminous Materials, 

Vol. 6, No. 6, D- 8. Tests of Three Large-Sized Reinforced 
Concrete Slabs Under Concentrated 
Loading. 

Vol. 10, No. 5, D-12. Influence of Grading on the Value of Fine 
Aggregate Used in Portland Cement 
Concrete Road Construction. 

Vol. 10, No. 7, D-13. Toughness of Bituminous Aggregates. 

Vol. 11, No. 10, D-15. Testsofa Large-Sized Reinforced-Concrete 
Slab Subjected to Eccentric Concen- 
trated Loads, 

Vol. 17, No. 4, D-16. Ultra-Microscopic Examination of Dis- 


perse Colloids Present in Bituminous 
Road Materials. 








* Department supply exhausted. 
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